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ABSTRACT  
Gabriela Arandia: Understanding Relationships between Child Care Workers’ Eating Habits and 
Spatial Access to Food Outlets around Workers’ Homes, Workplaces, and along Commutes 
 (Under the direction of Laura A. Linnan) 
 
 Research examining spatial access to food outlets in non-residential settings is rare, 
especially among at-risk populations. This dissertation examined associations between child care 
workers’ eating habits and spatial access to supermarkets/grocery stores, convenience stores, and 
fast food restaurants around home, work, and along commutes; and, explored moderation of 
these associations by self-efficacy for healthy eating and home and workplace census tract-level 
poverty. 
 Baseline data were analyzed from 638 child care workers enrolled in the CARE study, a 
cluster-randomized trial promoting healthy behaviors among child care workers in North 
Carolina. An Eating Habits Score (0-20) was derived from food intake frequency of 10 items, 
with higher scores reflecting healthier eating habits. Food outlet data from ReferenceUSA were 
analyzed within ArcGIS to create density measures of food outlets within 5 road network miles 
of home and work and along commutes (shortest network distance between home and work). 
Generalized Estimating Equations were used to analyze associations. 
 Food outlet densities were greater around workplaces (vs. homes), with longer commutes, 
and in urban areas (vs. rural). Eating Habits scores averaged 9.3 (SD=3.4). Greater access to 
small grocery stores around homes was associated with healthier eating habits for the sample 
(β=0.037, p=0.046), and among urban residents (β=0.040, p=0.035), and greater access to 
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supermarkets around work was associated with healthier eating habits among rural workers 
(β=0.323, p=0.017). Surprisingly, greater access to convenience stores (β=0.129, p=0.017), and 
fast food restaurants (β=0.078, p=0.012) around work were also associated with better eating 
habits among rural workers. Food outlet density along commutes and eating habits were 
unrelated. More convenience stores (β=0.274, p=0.006) and fast food restaurants (β=0.100, 
p=0.010) along commutes were associated with healthier eating habits among participants who 
were ‘moderately/very/extremely confident’ in eating healthy. Moreover, more small grocery 
stores around home was associated with poorer eating habits for participants living in medium 
poverty home census tracts (β=-0.167, p=0.016) (vs. low poverty). 
 Understanding child care workers’ food access is vital to helping them make healthier 
food choices and to reduce obesity and chronic disease risks. Future research should consider 
healthy/unhealthy food availability within locations, and shopping behaviors to further elucidate 
findings. 
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CHAPTER 1. INTRODUCTION 
 
Problem Statement 
 Obesity remains a serious public health concern affecting more than one-third of adults 
(37.7%) in the U.S. (Flegal et al., 2016), increasing risks for many severe chronic disease and 
health conditions, including hypertension, Type 2 diabetes, and cardiovascular disease (National 
Heart, Lung, and Blood Institute (NHLBI), 2013). Obesity rates have been increasing among 
women (40.4% of all women), but not among men (35% of whom are obese) (Flegal et al., 
2016). Obesity results from a combination of modifiable and non-modifiable risk factors ranging 
from individual-level factors (e.g., genetics, family history) to behavioral risk factors and 
lifestyle choices (e.g., diet, physical activity), and environmental factors (e.g., geographic access 
to healthy foods) (NHLBI, 2017a). Food environments (or nutrition environments) constitute the 
spatial distribution of food stores and restaurants, and one’s proximity to those locations has 
been shown to contribute to healthy and unhealthy eating patterns, and obesity risks (Centers for 
Disease Control and Prevention (CDC), 2015a; Cummins & Macintyre, 2006; French, Story, & 
Jeffery, 2001; Gordon-Larsen, Nelson, Page, & Popkin, 2006). Research on food environments 
as they relate to eating habits (i.e., diet, dietary behaviors, dietary intake, and food intake) is 
crucial to identifying upstream structural determinants of obesity and other chronic diseases that 
could be targeted through environmental and policy interventions. 
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Food Environments and Eating Habits: State of the Literature 
Greater availability/accessibility of healthy foods, such as fruits and vegetables, is essential 
for a healthy diet and overall health, while inadequate access to healthy foods and greater access 
to unhealthy foods (snack items, fast foods) can contribute to unhealthy diets, obesity, and 
obesity-related health problems. Numerous studies have found associations between greater 
spatial access (exposure) to nearby supermarkets and grocery stores and healthier diets, and 
greater access to convenience stores and fast food restaurants and unhealthy diets (Gordon-
Larsen, 2014; Papas et al., 2007; Slawson, Fitzgerald, & Morgan, 2013). Yet reviews of existing 
literature have also uncovered a preponderance of mixed findings across the food environment 
literature (Black, Moon, & Baird, 2014; Gordon-Larsen, 2014). 
 A major limitation of the current food environment literature is that most studies tend to 
measure only the food environment near participants’ place of residence. While a focus on food 
access near homes is important, people travel beyond their residential neighborhoods and are 
regularly exposed to a variety of “food landscapes” in other settings as well (Sobal & Wansink, 
2008, p. 286). Research on how individuals navigate these contexts, and the role of these 
contexts on behavior, embraces what is known commonly in the fields of zoology, human 
geography, and transportation as the ‘activity space’ perspective (Rainham, McDowell, Krewski, 
& Sawada, 2010; Saarloos, Kim, & Timmermans, 2009). The activity space perspective 
acknowledges the role of multiple contexts on eating habits, and has great potential for 
application in the public health, nutrition, and obesity prevention literature (Jones & Pebley, 
2014; Perchoux, Chaix, Cummins, & Kestens, 2013). The workplace environment is an 
important setting, given that employed adults spend a majority of their day (~8 hours) in an 
environment that may or may not provide healthy food and beverage choices through snack bars 
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and vending machines onsite (CDC, 2017b; Goetzel & Ozminkowski, 2008; Hipp et al., 2015), 
along with mixed options nearby for making healthy food selections. Also, workplaces tend to be 
situated in business/commercial districts with a greater number of food outlets compared to 
residential neighborhoods. The commute is another important, yet understudied setting in which 
workers may visit nearby grocery stores or restaurants on their way to and from work (Kerr et 
al., 2012; McGuckin and Murakami, 1999; Sharkey, 2009; Ye, Pendyala, & Gottardi, 2007). 
Longer commutes would presumably increase one’s exposure to places which offer food — 
though research is needed in this area.  
 Other knowledge gaps remain in current food environment literature. Theoretical and/or 
conceptual frameworks are needed to guide the study of relationships between food 
environments and eating habits. Also, a ‘gold standard’ spatial scale that captures one’s food 
environment remains elusive, and it is unclear how findings vary by scale.  In addition, research 
has tended to focus on either urban settings or rural settings, but rarely both (Gordon-Larsen, 
2014). Comparisons between urban and rural contexts can provide an improved understanding of 
spatial food access inequalities that exist across geographies. Lastly, a better understanding of 
moderating mechanisms can help to identify vulnerabilities among sub-populations most affected 
by relationships between food outlet density and eating habits. 
 
Dissertation Study Overview 
Given the scarcity of food environment research in settings other than the home, this 
dissertation addresses multiple literature gaps by addressing the influence of multiple food 
environments (around work, home, and along commutes) on eating habits among an 
understudied working population, child care workers. This low-wage worker population faces 
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heightened risks for obesity, high blood pressure, diabetes/prediabetes, depressive symptoms, 
and lower health-related quality of life (i.e., reporting more physically and mentally unhealthy 
days) (Whitaker, Becker, Herman, & Gooze, 2013). On top of this, most child care workers lack 
employer-based health insurance and limited access to primary care and preventive services 
(Baron et al., 2013; Larson, Ward, Neelon, & Story, 2011).  
A better understanding of the contextual barriers and challenges child care workers face 
when it comes to making healthy food choices may shed light on potential policy and 
programmatic interventions that could help to offset obesity and health risks. This dissertation 
represents the first attempt to assess child care workers’ spatial access to food outlets and how 
these food exposures impact their eating habits. This study takes place in the context of a cluster-
randomized controlled trial, CAring and REaching for Health (CARE): A Worksite Wellness 
Program for Child Care Staff (R01HL119568, Ward & Linnan, Multiple CO-Is). This trial aims 
to evaluate the efficacy of a 6-month worksite wellness intervention designed to improve 
physical activity, dietary intake, and other health behaviors among participating child care 
workers (Healthy Lifestyles program) compared to participants in an attention-controlled arm 
(Healthy Finances program).  This dissertation uses baseline data for participants whose child 
care centers were recruited into the larger CARE study (prior to randomization). This dissertation 
includes an analytic sample of 638 participants from 73 child care centers in North Carolina who 
consented and were measured at baseline during the four waves of data collection (2015-2016).  
Two studies comprise this dissertation. Study One examines the extent to which food 
outlet density around: 1) child care workers’ homes (home address), 2) child care centers 
(workplace address), and 3) the commute (road distance between home and work) are associated 
with workers’ eating habits (eating habits score per a 10-item eating habits scoring system 
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developed for this study). Analyses employed ArcGIS geographic information systems software 
that allowed for buffering home, work, and commute settings to create density measures of 1) 
supermarkets/grocery stores, 2) convenience stores, and 3) limited-service (“fast food”) 
restaurants. I also examined whether there were differences in food outlet densities by setting 
(home, work, commute), buffer method (radial buffer, road network buffer), spatial scale (1 mi., 
5 mi.), and by urban-rural settings.  
Study Two examines the role of individual- and community-level factors as moderators 
between food outlet density around settings and workers’ eating habits.  Namely, self-efficacy 
for healthy eating as well as home and workplace census tract-level poverty are assessed as 
moderators. These factors may reveal for whom and under what conditions these relationships 
vary.  
The research questions for each study are: 
Study One: What is the association between child care workers’ eating habits and spatial 
access to food outlets around home, workplace and along commutes? 
Study Two: Do self-efficacy for healthy eating and/or home and workplace census tract-
level poverty moderate the relationship between child care workers’ eating habits and spatial 
access to food outlets around home, workplace and along commutes? 
The conceptual model guiding this dissertation employs the social ecological framework 
and Bandura’s social cognitive theory (SCT) to recognize the reciprocal interplay between 
psychosocial, behavioral, and economic factors acting at the individual, organizational (food 
environments around home and workplace settings), and community (larger food environment 
and area-level socioeconomic status) levels. Chapter 2 summarizes findings from a thorough 
literature review on food environment and eating habits, which informed my conceptualization, 
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methodology, understanding of relationships between food environments and eating habits, and 
study aims. Chapter 3 describes the conceptual model guiding this dissertation. Chapter 4 
features Study One, followed by Chapter 5 focused on Study Two. Lastly, Chapter 6 synthesizes 
findings from both studies, provides concluding remarks, as well as future directions.  
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CHAPTER 2. LITERATURE REVIEW 
 
Link between Food Environments, Eating Habits, and Obesity 
 A thorough literature review informed my conceptualization, methodology, and 
understanding of relationships between food environments and eating habits. Understanding the 
impacts of food environments on eating habits is vital to disentangling the many complex and 
multilevel causal factors of obesity and chronic diseases.  Nearly two decades ago, Hill and 
Peters (1998) were among the first to attribute environmental causes to obesity by noting the 
proliferation of unlimited, low-cost options of high-fat, high-energy density foods coupled with 
the reduced need to be physically active due to transportation, stating firmly that “to stop and 
ultimately reverse the obesity epidemic, we must ‘cure’ this [obesity promoting] environment” 
(p. 1371). Popkin, Duffey, and Gordon-Larsen (2005) linked the proliferation of fast food places 
with expenditure on away from home eating along with larger portion sizes consumed at these 
establishments than meals prepared at home. Still, more research is needed to grasp how 
clustering of fast food places, convenience stores, and supermarkets/grocery stores and 
convenience stores around homes and workplaces shape eating habits. Access to food outlets 
along commutes is another area worthy of consideration. Therefore, an investigation into 
workers’ eating habits and food exposures around homes, workplaces, and commutes fills a 
much needed gap in the literature. 
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Food Environment Research Methodology 
 Categorizing the Food Environment  
 Food environments comprise an array of food stores, restaurants, and other food outlets; 
however, most studies have tended to look at one or two outlet types while only a few have 
looked at the full range of food retailers (Black et al., 2014). For example, Powell, Slater, 
Mirtcheva, Bao, and Chaloupka (2007) differentiated between chain supermarkets, non-chain 
supermarkets, grocery stores, and convenience stores, but ignored restaurants/fast food outlets. 
McKinnon, Reedy, Morrissette, Lytle, and Yaroch (2009) grouped food outlets by those 
comprising the food store environment (e.g., grocery stores, supermarkets, specialty food stores, 
farmers’ markets, food pantries) and restaurant food environment (e.g., fast food and full-service 
restaurants). Still, others have differentiated between: food/grocery stores (further subdivided 
into chain food/grocery stores, non-chain food/grocery stores, convenience stores, and gas station 
food/grocery stores), restaurants (e.g., full-service eateries, bakeries, cafes), and fast food 
restaurants (e.g., pizzerias and hamburger joints) (Kawakami, Winkleby, Skog, Szulkin, & 
Sundquist, 2011). My dissertation distinguishes food outlets among food stores (supermarkets, 
small grocery stores), convenience stores, and limited-service (fast food) restaurants.  
  
 Food Environment Metrics  
 There are many metrics to assess the healthfulness, availability, and accessibility of food 
environments, yet no consensus has been reached on which to use (Feng, Glass, Curriero, 
Stewart, & Schwartz, 2010; Lytle & Sokol, 2017; Story et al., 2009). Metrics include: food outlet 
density (within a census tract or buffer area around a location/home) (McKinnon et al., 2009), 
proximity (distance from home/work/other location to food outlet using Manhattan distance/road 
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network, radial/Euclidean/straight line distance, or travel time) (Feng et al., 2010), 
diversity/variety of resources (Black et al., 2014), as well as objective and perceived measures on 
availability, price, and quality of food establishments (Gustafson, Christian, Lewis, Moore, & 
Jilcott, 2013).  Despite their widespread use in the literature, these measurements have yet to be 
evaluated for validity, reliability, sensitivity to change, and use among diverse populations (Story 
et al., 2009).   
 Food outlet density is a popular metric because calculations are relatively simple to 
compute from available data and easy to interpret (Caspi, Sorensen, Subramanian, & Kawachi, 
2012; Feng et al., 2010). Food outlet density calculations may include: total count of food outlets 
within a specific area (e.g., radial/Euclidean vs. line-based/road network buffer), count per 
population (e.g. defined area/100,000 people), or count per square area (Black et al., 2014; Caspi 
et al., 2012; Thornton, Pearce, Macdonald, Lamb, & Ellaway, 2012).  
 Two approaches are commonly used to calculate density: 1) container approach: density 
of resources (e.g., supermarkets) in a defined geographical area, such as a state or county; 2) 
coverage approach: density of supermarkets within a fixed buffer distance of a point of origin. 
(Cromley & McLafferty, 2002). Density measures derived from exact locations/addresses 
(coverage approach) are more precise than defined, administrative areas, such as block groups, 
census tracts, or zip codes (container approach) (Cromley & McLafferty, 2002; Lucan, 2015). In 
this dissertation, I derived food outlet density measures based on radial buffers and road network 
buffers derived from precise home and work addresses from the CARE study. Radial buffers are 
created by drawing a straight line from a centroid (e.g., home) at a given distance (radius) and 
creating a circle around the centroid (James et al., 2014). Although a well-accepted method for 
this type of research, this method may misrepresent the amount of area that is actually 
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traversable (e.g., the buffer may include natural features, such as a body of water) (James et al., 
2014). Alternatively, road network buffers are created by tracing a distance from a centroid (e.g., 
home) via the street network (James et al., 2014), providing greater accuracy than radial buffers.  
 
 Defining Appropriate Spatial Scale for Proposed Study  
 There is no consensus on the most appropriate spatial scale at which to measure 
environmental exposures (Story et al., 2009). Scale selection may depend on the following 
considerations: nature (and frequency of) exposure, the environmental exposure in question, 
individual characteristics, study area, health outcome, and whether potential or actual contact is 
of interest (Chaix et al., 2012). In health services research, the concept of “distance decay” 
stipulates that people tend to use resources that are close by and that their utilization of resources 
elsewhere decrease with distance (Cromley & McLafferty, 2002). Additional costs, time, and 
effort are required to get to places that are further away. Furthermore, knowledge of and 
familiarity with places declines with distance (Cromley & McLafferty, 2002).  
  This study explores relationships between spatial access to food outlets and eating habits 
at two spatial scales: 1 mile (1600 m) and 5 miles (8000 m) using radial and road network 
buffers (densities) around participants’ home and work locations. One mile, a commonly used 
buffer across the food environment literature (Cobb et al., 2015; Gamba, Schuchter, Rutt & Seto, 
2015), represents a “walkable distance” in which one could walk from point A to point B in 15 
minutes at moderate to vigorous activity (a longer walk if walking slower) (James et al., 2014; 
Villanueva et al., 2013). Moreover, the U.S. Department of Agriculture (USDA) designates food 
deserts in urban areas by those areas where food outlet opportunities are accessible for people 
within one mile from home (USDA, 2017a). Liu, Han, and Cohen (2015) found that a 1 mile 
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buffer around homes encompassed 55% of all food establishments, 57% of fast 
food/convenience stores, and 64% of grocery stores/supermarkets visited. Alternatively, 5 miles 
(a drivable distance) has been cited in previous food environment studies conducted in both rural 
(Sharkey, Horel, Han, & Huber, 2009) and urban areas (Reitzel et al., 2016). Liu and colleagues 
(2015) found that a 5 mile buffer around homes encompassed 80% of all food establishments, 
82% of fast food/convenience stores, and 84% of grocery stores/supermarkets visited (Liu et al., 
2015). Results from this dissertation will add insight about spatial scale in food environment 
research. 
 Data Collection Methods 
 Most food environment studies have been cross-sectional and have relied on primary 
and/or secondary data collection methods (Feng et al., 2010). Primary data collection involves 
environmental scans by walking or driving through neighborhoods and geocoding points with 
global position system (GPS) receivers (Charreire et al., 2010; Kelly, Flood, & Yeatman, 2011). 
Alternatively, secondary data collection methods, more commonly used, employ online 
commercial databases, such as ReferenceUSA, which have demonstrated good to moderate 
percentage agreement and sensitivity for correctly identifying and locating existing businesses 
(Bader, Ailshire, Morenoff, & House, 2010; Boone, Gordon-Larsen, Stewart, & Popkin, 2008; 
James et al., 2014; Paquet, Daniel, Kestens, Leger, & Gauvin, 2008), and fair to moderate 
agreement between on-the-ground observations and commercial/government listings and remote 
sensing (Black et al., 2014). Triangulating multiple data sources is a recommended strategy to 
reduce the amount of missing/unaccounted food outlets for a more complete database (Lucan, 
2015). For my dissertation, ReferenceUSA datasets are combined and verified with other online 
resources to capture a comprehensive inventory of food outlets in a given area. 
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Research on Food Environments and Eating Habits  
 Food environment studies on food environments and eating habits have largely focused 
on residential neighborhood availability of food outlets (Gordon-Larsen, 2014). While many 
studies support associations between density of supermarkets/grocery stores and better dietary 
outcomes, and density of fast food outlets and convenience stores and poorer dietary outcomes, 
findings have been mixed across the literature (Black et al., 2014; Gordon-Larsen, 2014).  
 
Studies exploring food exposures around home locations and associations with 
eating habits 
 Access to supermarkets/grocery stores, restaurants, and convenience stores in residential 
neighborhoods has been shown to be associated with eating habits. Several studies and their 
findings are highlighted below. 
 Access to supermarkets/grocery stores near home. Several noteworthy food 
environment papers have emerged from the Multi-Ethnic Study of Atherosclerosis (MESA) – a 
large-scale, multi-site, longitudinal study of cardiovascular disease and its risk factors among 
U.S. adults aged 45-84 years. One MESA study involving 2,384 ethnically diverse, 
predominantly low-income participants living in Maryland, North Carolina, and New York, 
investigated associations between the local food environment (assessed by three measures: 
supermarket density within 1 mile of home; self-reported exposure to healthy foods within 1 mile 
of home; and informant perceptions on the quality of the food environment) and diet (assessed 
by two measures: the Alternate Healthy Eating Index (AHEI) – a summary index of dietary 
indicators associated with a lower chronic disease risk; and “fats and processed meats” (FPM) 
dietary pattern measure) (Moore, Diez-Roux, Nettleton, & Jacobs, 2008). Adults with no 
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supermarkets near home were 25% and 46% less likely to have a healthy diet, as measured by 
the AHEI and FPM, respectively, than those with more stores near their homes (Moore et al., 
2008). As the authors suggest, access to nearby supermarkets is likely to encourage the purchase 
and consumption of healthier foods, like fresh produce. 
 The Atherosclerosis Risk in Communities Study (ARIC) is another large-scale, 
longitudinal, cohort study involving predominantly low-income U.S. adults aged 45-64 living in 
Maryland, North Carolina, Mississippi, and Minnesota. Using data on 10,623 ARIC participants, 
Morland, Wing, and Roux (2002) geocoded participants’ home addresses to census tracts, and 
found that residents living in census tracts with greater access to neighborhood supermarkets 
consumed more fruits and vegetables. For every additional supermarket in a census tract, 
produce consumption increased 32 percent for African Americans and 11 percent for whites.  
 Access to restaurants near home. Another MESA study examined associations between 
neighborhood fast food exposure, fast food consumption, and diet among 5,633 ethnically 
diverse, predominantly low-income participants living in Maryland, North Carolina, and New 
York (Moore, Diez-Roux, Nettleton, Jacobs, & Franco, 2009). Neighborhood fast food exposure 
(assessed by three measures: fast food outlet density within 1 mile of home; self-reported 
exposure to fast foods within 1 mile of home;  and informant perceptions on the quality of the 
food environment) was positively associated with fast food intake, but the strength of these 
associations differed by neighborhood fast food exposure measure. When neighborhood 
exposure to fast food was measured by fast food outlet density, informant report, and self-report 
measures, the odds of consuming fast food near home increased by 11 percent, 27 percent, and 
61 percent, respectively. Neighborhood fast food exposure was negatively associated with 
having a healthy diet (defined as having a lower intake of fats and processed meats, according to 
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the FPM measure described in aforementioned MESA study); particularly, the odds of having a 
healthy diet decreased by 12 percent (as measured by self-report measure) and 17 percent (as 
measured by informant report and fast food outlet density measures). When diet was measured 
by the AHEI (described in aforementioned MESA study), the odds of having a healthy diet 
decreased by 14 percent according to informant report; these associations were not significant 
according to self-report and fast food outlet density measures (Moore et al., 2009).  
 Access to convenience stores near home. Using data on 3,922 participants of the 
Coronary Artery Risk Development in Young Adult (CARDIA) study, a longitudinal study 
involving young black and white adults aged 18-30 living in Alabama, Illinois, Minnesota, and 
California, Rummo and colleagues (2015) investigated associations between neighborhood 
convenience store exposure (assessed by percentage of convenience stores relative to other food 
stores and restaurants within a 3 kilometer/1.86 mile road network buffer around home), diet 
quality, and consumption of single food items. The authors found that, among lower-income 
individuals, the presence of convenience stores near home was negatively associated with diet 
quality and whole grain consumption. These associations were found to be weaker for higher-
income individuals.  
  These large-scale studies suggest that greater neighborhood access to supermarkets and 
grocery stores is associated with healthier eating habits, while greater neighborhood access to 
restaurants and convenience stores is associated with poorer eating habits. While these studies 
confirmed associations between food environment exposures and eating habits in expected 
directions (i.e., exposure to supermarkets/grocery stores is related to healthier eating habits), the 
magnitude of these associations varied across food environment measures, populations, and 
settings. Furthermore, these studies involved large and diverse samples. Inconsistencies, 
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however, appear across the literature as demonstrated by Black and colleagues’ (2014) review 
paper, which found a majority of studies reporting no significant associations at all. This review 
of 42 articles investigating neighborhood food environment exposures and dietary outcomes 
found that 27% of food outlet density findings confirm the association between 
supermarket/grocery store density and better dietary outcomes, while 22% of density findings 
support the association between fast food outlet and convenience store density and poorer dietary 
outcomes (Black et al., 2014).  Among findings related to proximity to the nearest food outlet, 
20% of findings support the association between proximity to supermarkets/grocery stores and 
better dietary outcomes, while 13% of findings support the association between proximity to fast 
food outlets and convenience stores and poorer dietary outcomes (Black et al., 2014).  Thus, 
while there is some evidence confirming associations in expected directions, the majority of the 
studies included in this review paper reported no associations. As the authors suggest, 
heterogeneity across studies with respect to categorization of outlets, definition of neighborhood 
and measurement of exposure variables, as well as the ecological design of many studies is likely 
to contribute to these mixed findings. Further research is needed to provide clarity on 
associations between food outlet availability and eating habits, and more importantly on 
environments that extend beyond the home.  
 
Studies exploring food exposures around home and workplace/activity space 
locations and associations with eating habits 
 Simultaneous research on both residential and non-residential environments and eating 
habits are largely absent in the food environment literature. A systematic review of 
environmental characteristics and cardiometabolic risk factors (i.e., obesity, hypertension, type 2 
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diabetes, dyslipidemias, and the metabolic syndrome) found that 90% of 131 studies focused 
exclusively on the residential environment; 6% focused on non-residential environments (i.e., 
workplaces, schools); and 4% focused on both residential and non-residential environments 
(including several studies that have assessed environments around home and school among 
children, but only one study, Jeffery, Baxter, McGuire, and Linde (2006), that has looked at 
environmental influences around home and work) (Leal & Chaix, 2011). Since the review by 
Leal and Chaix (2011), there has been a growing interest in research that addresses both 
residential and non-residential environments.  The following discussion summarizes seven 
studies that have looked at associations between food exposures in home and work environments 
and eating as well as Body Mass Index (BMI) outcomes.   
 Access to supermarkets/grocery stores around home and work. Using MESA data on 
1,503 ethnically diverse working participants, Moore and colleagues (2013) assessed the degree 
to which: 1) home and work neighborhoods are similar, in terms of socioeconomic status, density 
of “healthy food stores” defined as supermarkets, grocery stores, and fruit and vegetable markets, 
and 2) how home and work environments relate to BMI. The authors created kernel densities of 
food stores within 1-mile buffers around home and workplace addresses. The authors found more 
food stores in work environments compared to home environments. In addition, they found that 
as commute distance increased, the availability of food stores was greater around the workplace 
than the home. Lastly, they found an interaction effect between home and work environments, 
whereby greater self-reported healthy food availability in both home and work areas were 
associated with lower BMI, but not when home and work areas were analyzed separately. This 
study lends support to differences between food environment exposures around home and work 
locations; however, the focus on food store availability only ignores the availability of 
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restaurants and convenience stores. My dissertation explores a full range of food outlets that 
would be available to workers. Furthermore, the sample primarily included full-time workers, 
with higher income (mean = $65,786) and education (mean = 14.3 years), while my dissertation 
focuses exclusively on low-income child care workers. 
 Zenk and colleagues (2011) compared environmental features of residential 
neighborhoods and activity spaces, and assessed associations of these features with people’s 
dietary and physical activity behaviors. Study participants’ (n=120 women) movement patterns 
were tracked over seven days with GPS technology. The authors used GPS point data to create 
each participant’s residential neighborhood (0.5 mile street network buffer around the census 
block centroid), and two activity space measures: 1) a one standard deviation ellipse, and 2) daily 
path area (0.5 mile space around activity locations and travel routes) for each participant. The 
sample was primarily female, African-American or Latino, and of lower socioeconomic status, 
with roughly 1/3 (35 percent) who were currently employed. Individuals who did not own an 
automobile (versus auto owners), and those who were not currently employed (versus currently 
employed) tended to have smaller activity spaces; therefore, socioeconomic differences may 
influence activity space differences. The authors found that participants’ activity spaces captured 
the presence of supermarkets, whereas residential neighborhoods did not, supporting the notion 
that studying residential neighborhoods alone underestimates food exposures. Fast food outlet 
density in the daily path area was positively associated with saturated fat intake and negatively 
associated with whole grains intake. However, no such associations were found when fast food 
outlet density was assessed within the residential neighborhood or one standard deviation ellipse. 
Therefore, findings may vary depending on how food outlet density is measured. Also, while this 
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study explored a sample of low-income women, only 1/3 of whom were employed; thus a focus 
on low-income child care workers adds to literature pertaining to this population.    
 The Promoting Activity and Changes in Eating (PACE) study evaluated worksite 
neighborhood socioeconomic status (SES) (as measured by appraised worksite property value) 
and changes in obesogenic behaviors among 1,007 employees within 26 worksites (including 
blue-collar worksites: manufacturing, transportation and utilities, and distribution; and white-
collar worksites: personal, professional, unclassified services) in Washington (Barrington, 
Beresford, Koepsell, Duncan, & Moudon, 2015). The authors also looked at densities of 
residential units, intersections, food stores, and restaurants within 0.5 mile of worksites. Higher 
worksite SES was positively associated with access to food stores (grocery stores and specialty 
produce markets), convenience stores, dine-in restaurants, and fast food restaurants. In addition, 
the authors found a positive relationship between residential density and eating five or more 
fruits and vegetables, and that residential density completely mediated the relationship between 
worksite neighborhood SES and fruit and vegetable intake. The authors posit that residential 
density around worksites may contribute to neighborhood “walkability,” which could translate 
into greater access to healthy foods and physical activity opportunities. However, no statistically 
significant associations were found between food outlet density and eating habits (Barrington et 
al., 2015). It is important to note that the worksite neighborhood SES measure actually assesses 
the SES/‘value’ of the worksite itself, not the surrounding neighborhood, and that larger 
worksites employing between 100 and 250 people were assessed. Worksite neighborhood SES 
would be better assessed by area-level indicators, such as community-level SES around the 
worksite, because these indicators may impact what resources are available around the worksite, 
and may be more relevant for workers at smaller worksites, like child care centers. Moreover, 
 19 
 
where workers live also matters; workers’ residential neighborhood SES can reinforce or offset 
the impact of worksite neighborhood SES, so both environments are worthy of consideration. 
For these reasons, my dissertation considers the poverty level of census tracts where workers live 
and work as moderators on associations between workers’ eating habits and spatial access to 
food outlets. 
 Access to restaurants around home and work. Jeffery and colleagues (2006) 
investigated whether proximity to fast food and other food outlets around home or work 
locations was associated with eating at restaurants and BMI among a sample of 1,033 adults, 
who were generally older (mean age = 46), predominantly female, and of higher education, in 
Minnesota. They calculated food outlet density by counting the number of food outlets within 
radial/Euclidean buffers of 0.5 miles, 1 mile, and 2 miles of home and work addresses; and, 
found that over twice as many food outlets were located within 2 miles of workplaces than 
within 2 miles of homes. The authors found that working outside the home and having children 
were associated with higher frequency of eating at fast food outlets. Proximity to fast food places 
(defined as serving quick service burger, roast beef, and pizza) within 2 miles of homes was not 
associated with self-reported frequency of eating at those places or with BMI; however, 
proximity of non-fast food places within 2 miles of homes was associated with eating at those 
places, but not BMI. No relationships were found between food outlet proximity around 
workplaces and eating at those places. Among men, the authors observed an inverse relationship 
between restaurants around workplaces and BMI, whereby men with more restaurants (both fast 
food and non-fast food) close to their workplace were leaner. Overall, the authors found 
inconsistent relationships between restaurant proximity around workplaces and homes and 
frequency of eating at those locations and BMI. This study is novel and important because food 
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environments around home and work locations are both examined. However, it is unclear what 
employment sectors are represented in the sample; conversely, my dissertation provides insight 
on a specific working population, child care workers. Furthermore, restaurant density was 
defined as the number of restaurants within radii of 0.5 miles, 1 mile, and 2 miles of home and 
work locations, while other studies have based their findings on only one buffer radius. The 
authors reported on findings at 2 miles because findings at 0.5 mile and 1 mile were 
nonsignificant. Consequently, my dissertation assesses two scales representing walkable and 
drivable distances because there is no gold standard buffer size/scale. 
 Access to supermarkets/grocery stores and restaurants around home and work; 
studies conducted outside of the U.S. Kestens and colleagues (2012) studied food environments 
of neighborhoods and activity spaces for a large sample of participants across education and 
income levels, in Montreal and Quebec City, Canada, and found residential and non-residential 
densities of food stores (defined as supermarkets and fruit and vegetable stores) were strongly 
associated with overweight among men, but that residential exposures were more strongly 
associated with overweight among women than non-residential exposures. The authors posit that 
gender roles may influence food-related activities (e.g., women may be more likely to consume a 
lunch at work that was prepared at home) and that food environments may operate in different 
activity spaces for men and women. These gender differences are interesting and worthy of 
future study; however, my dissertation samples child care workers, who are predominately 
women. Burgoine and Monsivais (2013) compared food environment exposures around the 
home, workplace, and commute among working adults in Cambridgeshire, U.K., and found 
greater exposure to convenience stores, restaurants, supermarkets, and takeaway (fast food) food 
outlets around work compared to home. The authors found comparable takeaway food outlet 
 21 
 
exposures around workplaces and commutes. This study, however, did not investigate 
associations with eating habits; thus, my dissertation supplements these findings. In a follow-up 
study, Burgoine, Forouhi, Griffin, Wareham, and Monsivais (2014) found that exposure to fast 
food outlets around the home and workplace was positively and significantly associated with fast 
food consumption, however, a dose-response relationship was found only for exposure around 
the workplace and fast food intake. Combined fast food exposures around the home, workplace, 
and commute was positively and significantly associated with fast food consumption and BMI. 
This study is limited in a couple of ways: the authors employed only 1-mile radial/Euclidean 
buffers around homes and workplaces to calculate fast food outlet density, and fast food intake 
was the only dietary outcome studied. My dissertation explores associations between not only 
fast food outlet density, but that of other food outlets as well, using two buffer shapes at two 
scales, and an overall eating habits measure. 
 
Gaps in the Literature 
 My dissertation adds new knowledge and addresses gaps in the literature by: 1) 
comparing food exposures around home and work locations, and along commutes; 2) exploring a 
full spectrum of supermarkets/grocery stores, convenience stores, and limited-service 
restaurants; 3) using density measures to assess food environment exposures at two scales (1 mi. 
& 5 mi.) and by different buffer shapes (radial-based and road network-based buffers); 4) 
assessing main associations between food environment exposures and eating habits, and 
exploring urban-rural differences; 5) assessing moderating mechanisms operating at individual 
and community ecological levels; and by 6) focusing on a low-income worker population, child 
care workers, who work away from home.  
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CHAPTER 3. CONCEPTUAL MODEL 
 
Conceptual Model for Understanding Relationships between Food Environments and 
Eating Habits 
 The conceptual model (Figure 3.1) for my dissertation draws upon the following 
theoretical and conceptual frameworks. 
Social Ecological Framework  
 The social ecological framework (SEF) is a helpful organizing framework for thinking 
about the variety of determinants that act and interact at the individual, interpersonal, 
organizational, community, and public policy levels to influence behavior (McLeroy, Bibeau, 
Steckler, and Glanz, 1988; Stokols, 1992; Stokols, Pelletier, & Fielding, 1996). The SEF 
assumes that behavior both affects, and is affected by, multiple levels of influence; and, behavior 
both shapes, and is shaped by, environmental factors. 
 In the case of child care worker behaviors, this theoretical framework considers 
influences from the worker (individual-level), the workers’ home and workplace environments, 
and the larger community as crucial to understanding environmental influences on eating habits 
among workers. Factors operating at these levels are explained in further detail below. 
 
Social Cognitive Theory 
 The Social Cognitive Theory (SCT) is a behavioral theory that operates at multiple levels 
of the social ecological framework (Bandura, 1986). Consistent with the social ecological 
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framework, a key feature of the SCT is reciprocal determinism — the dynamic interplay between 
behavior, personal factors (sociodemographic characteristics and psychosocial factors) and the 
social and physical environment, in which behavior influences and is influenced by personal 
factors and the environment (Bandura, 1986). My dissertation’s conceptual model reflects the 
triadic dynamic among the three main components of the SCT: behavior, personal factors, and 
environment. The following discussion organizes these three components by the individual, 
organizational, and community levels of the SEF. 
 
Individual-level factors 
 1. Behavior. Individuals’ eating habits (the outcome variable) is the behavior of interest 
in this study. 
 2. Personal factors. Eating habits emerge from a host of personal factors, including 
one’s preferences for particular foods, aversions to certain foods, emotions, and age (Furst, 
Connors, Bisogni, Sobal, & Falk, 1996). Simultaneously, food environments may affect people 
differently depending on factors that dictate one’s agency, such as socioeconomic status and 
transportation mode to work (Ball, Crawford, Timperio, & Salmon, 2010). The conceptual model 
captures ‘personal factors’ through the individual-level moderating variable to be studied: self-
efficacy (confidence) for healthy eating. 
  Self-efficacy, or confidence in one’s ability to take action and overcome barriers, is a 
key SCT construct that affects health behavior both directly and by influencing goals, outcome 
expectations, and perceived sociocultural facilitators and impediments to health-promoting 
behavior (Bandura, 2004; McAlister, Perry, & Parcel, 2008). Self-efficacy has been shown to be 
a dominant psychosocial predictor/correlate of dietary intake (Baranowski, Cullen, & 
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Baranowski, 1999; Trapp et al., 2015). Thus, self-efficacy for healthy eating is included as a 
proposed moderator in the conceptual model (Study Two) and is expected to alter the 
strength/direction of associations between food exposures and eating habits, thereby elucidating 
for whom and under what conditions food exposures and eating habits relate to one another. 
Other personal factors are included as potential covariates with eating habits and were informed 
by the literature: workers’ age, gender, race, marital status, highest level of education, and 
obesity status. These variables are described in detail in both studies.  
 
Organization-level factors 
 3. Environment. According to the Model of Community Nutrition Environments 
proposed by Glanz, Sallis, Saelens, and Frank (2005), the food environment consists of three 
sub-environments: 1) community nutrition environment (e.g., type and location of food outlets, 
accessibility), 2) organizational nutrition environment (e.g., home, school, work), and 3) 
consumer nutrition environment (e.g., available healthy options, price, promotion). Home and 
work nutrition environments are influenced by government regulations, industry policies, and the 
information environment (e.g., media). Altogether these elements impact individual-level socio-
demographics, psychosocial factors, and perceived food environment factors, and ultimately, 
eating patterns of individuals. The conceptual model for this dissertation showcases a focus on 
the “community nutrition environment” (i.e., access to food stores, convenience stores, and 
limited-service restaurants around work, home, and along commutes) via the independent 
variables.  
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Community-level factors 
Community-level factors shape food outlet distribution and access across communities. 
Community-level factors are captured via the proposed moderators: home and workplace census 
tract-level poverty (Study Two). 
Research Questions 
The research questions driving this dissertation are:  
Study One: What is the association between child care workers’ eating habits and spatial 
access to food outlets around home, workplace and along commutes? 
Study Two: Do self-efficacy for healthy eating and/or home and workplace census tract-
level poverty moderate the relationship between child care workers’ eating habits and spatial 
access to food outlets around home, workplace and along commutes? 
Chapter 4 addresses Study One by assessing main associations between child care 
workers’ eating habits and spatial access to food outlets (supermarkets, small grocery stores, 
convenience stores, fast food restaurants) around workers’ home, work, and along commutes. 
Hypotheses are outlined in Chapter 4. Chapter 5 addresses Study Two by assessing the role of 
self-efficacy for healthy eating (individual-level moderator) as well as home and workplace 
census tract-level poverty (community-level moderator) on associations between workers’ eating 
habits and spatial access to food outlets around workers’ home, work, and along commutes. 
Hypotheses are outlined in Chapter 5. 
  
 
2
6
 
 
Figure 3.1 Conceptual Model for Understanding Relationships between Food Environments and Eating Habits 
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CHAPTER 4. STUDY ONE: MAIN EFFECTS ASSOCIATIONS BETWEEN CHILD 
CARE WORKERS’ EATING HABITS AND SPATIAL ACCESS TO FOOD OUTLETS 
AROUND WORKERS’ HOMES, WORKPLACES, AND ALONG COMMUTES 
 
Introduction 
 Improving healthy food access is key to ensuring that people have the ability to make 
healthy food choices, thereby reducing risks for obesity, cancer, and related chronic illnesses. An 
important line of research explores linkages between food environments (i.e., the spatial 
distribution of food stores and one’s proximity to those places) and healthy or unhealthy eating 
patterns (CDC, 2017a; Cummins & Macintyre, 2006; French et al., 2001; Gordon-Larsen et al., 
2006; Popkin et al., 2005). Much of what is known regarding food environments and eating 
habits comes from studies that have investigated residential neighborhood availability of food 
outlets (Gordon-Larsen, 2014). There is evidence to support the associations between greater 
access to (i.e., density of) supermarkets/grocery stores around home and better dietary outcomes 
(e.g., higher fruit and vegetable intake), and greater access to (density of) fast food outlets and 
convenience stores around home and poorer dietary outcomes (Gordon-Larsen, 2014; Papas et 
al., 2007; Slawson et al., 2013). Yet review papers of existing literature have revealed a 
preponderance of mixed findings across the food environment literature (Black et al., 2014; 
Gordon-Larsen, 2014). As Black and colleagues (2014) suggest, heterogeneity with respect to 
categorization of food outlets, definition of neighborhood, and measurement of exposure 
variables, as well as the ecological design of many studies is likely to contribute to these mixed 
findings. Moreover, research examining spatial access to food outlets with places other than the 
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home is rare in the food environment literature. And, little attention has focused on assessing 
food access in both urban and rural settings simultaneously (Gordon-Larsen, 2014). Comparisons 
between urban and rural contexts can provide important insight into spatial food access 
inequities. These knowledge gaps limit our ability to determine the breadth of upstream 
environmental determinants of eating habits (e.g., diet, dietary behaviors, dietary intake, and 
food intake).  A greater understanding of food environments as they relate to eating habits is 
crucial to identifying structural determinants of obesity and other chronic diseases that could be 
targeted through environmental and policy interventions. 
  The workplace environment is especially important and relevant to adults, yet 
understudied with respect to its food environment. In the U.S., more than 60% of adults are 
employed (U.S. Bureau of Labor Statistics, 2017) spending a majority of their day (~8 hours) at 
the workplace — an environment that may or may not provide healthy food and beverage 
choices (CDC, 2017b; Goetzel & Ozminkowski, 2008; Hipp et al., 2015). Moreover, the 
environment surrounding the workplace may yield mixed options for making healthy food 
selections. In fact, one study by Burgoine and Monsivais (2013) compared food environment 
exposures around the home, workplace, and commute among working adults in Cambridgeshire, 
U.K., and found greater exposure to convenience stores, restaurants, supermarkets, and takeaway 
“fast food” outlets around work compared to home, though the authors did not investigate 
associations between these exposures and eating habits. The commute is another important yet 
understudied area where workers may visit nearby grocery stores or restaurants on their way to 
work or their way home (Kerr et al., 2012; McGuckin and Murakami, 1999; Sharkey, 2009; Ye 
et al., 2007). Longer commutes would presumably increase one’s exposure to environmental 
cues or places which offer food — though research is needed in this area. Therefore, in order to 
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understand the array of food options that are available to working adults, food environment 
research should explore eating habits and influences from food exposures around homes, 
workplaces, and commutes.  
 This present study advances food environment research by examining the influence of 
multiple food environments (around home, work, and along commutes) on eating habits among 
low-wage child care workers. With over 1.3 million workers in the U.S., majority of whom are 
women and over 40% of whom are racial and ethnic minorities (Whitebook, McLean, & Austin, 
2016), the child care workforce endures physically, mentally, and emotionally demanding work 
while earning an average of $9.77 per hour or $20,320 annually (U.S. Bureau of Labor Statistics, 
2017). In addition, they face heightened risks for obesity, high blood pressure, 
diabetes/prediabetes, depressive symptoms, and lower health-related quality of life (i.e., 
reporting more physically and mentally unhealthy days) compared to women with similar 
sociodemographic characteristics who are employed in other sectors (Baldwin, Gaines, Wold, 
Williams, & Leary, 2007; Tovar et al., 2016; Whitaker et al., 2013). These findings hold true for 
North Carolina (NC) child care workers, a majority of whom are obese (double the obesity rate 
of NC adults), and fall short of daily fruit and vegetable intake, physical activity, and sleep 
recommendations (Linnan et al., 2017). Furthermore, over a third (36.1%) report elevated levels 
of distress (Linnan et al., 2017). Unfortunately, most child care workers also lack employer-
sponsored health insurance and thus, have limited access to primary care and preventive services 
(Baron et al., 2013; Larson et al., 2011). Few studies have focused on improving the health of 
child care workers and, thus, it remains unclear what factors contribute to their eating patterns, as 
well as what barriers and challenges they face when it comes to making healthy food choices.  
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 Using baseline data from the CAring and REaching for Health (CARE) study, a large 
cluster-randomized trial conducted in NC evaluating the impact of a child care-based workplace 
health and safety intervention, this study will assess child care workers’ spatial access to 
supermarkets/grocery stores, convenience stores, and fast food restaurants around home, work, 
along commutes, and how these food exposures impact their eating habits. This study examines 
the extent to which child care workers’ spatial access to food outlets (defined as food outlet 
density = food outlet count per defined buffer) around: 1) homes (home address), 2) child care 
centers (workplace address), and 3) the commute (road distance between home and work) are 
associated with workers’ eating habits (as measured by “eating habits score” based on an eating 
habits scoring system developed for this study).  
 
Hypotheses 
In this paper, I test the following hypotheses:  
Hypothesis 1a: There is a positive relationship between supermarket/grocery store density and 
eating habits, such that the higher the number of supermarkets/grocery stores in a given 
geographic area, the better the eating habits of child care workers.   
 Rationale: Proximity to supermarkets and grocery stores near home is associated with 
greater fruit and vegetable consumption (Morland et al., 2002) and healthy diets (Moore et al., 
2008). Greater exposure to supermarkets near work and along commutes is also expected to 
encourage the purchase and consumption of healthier foods, such as fresh fruits and vegetables. 
Workers may stop at these stores on their way to work, returning from work, or during the day. 
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Hypothesis 1b: There is a negative relationship between convenience store density and eating 
habits, such that the higher the number of convenience stores in a given geographic area, the 
poorer the eating habits of child care workers.   
 Rationale: Proximity to convenience stores near home is associated with poorer diets 
(Rummo et al., 2015). No available studies have been conducted around workplaces, but a 
similar negative relationship is expected. Greater exposure to conveniences stores along 
commutes is also expected to encourage the purchase of unhealthy snacks and beverages as 
workers travel to work, head back home from work, or stop by during the day.    
 
Hypotheses 1c: There is a negative relationship between limited-service (“fast food”) restaurant 
density and eating habits, such that the higher the number of fast food restaurants in a given 
geographic area, the poorer the eating habits of child care workers.   
 Rationale: Proximity to fast food restaurants near home is associated with poorer diets 
(Moore et al., 2009). Exposure to fast food outlets around the home and workplace is positively 
associated with fast food consumption (Burgoine et al., 2014). Greater exposure to fast food 
restaurants along commutes is expected to encourage the purchase of unhealthy “fast food” as 
workers travel to work, head back home from work, or stop by during the day. 
  
 This paper examines these associations for the total sample as well as stratified analyses 
for urban and rural subsamples of urban and rural workers (based on where they worked) and 
urban and rural residents (based on where they lived). I conducted exploratory analyses using 1 
mile and 5 mile radii around home and work locations, to denote spatial access to food outlets 
within walking and driving distance, respectively, and applied radial and road network buffers. 
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Methods 
This cross-sectional study includes a sample of child care workers recruited into the 
CARE study, a cluster-randomized trial testing the efficacy of a Healthy Lifestyles Intervention 
vs. Healthy Finances program (attention-control arm) conducted in child care centers across 
seven counties in central North Carolina. Over the course of four waves of data collection, the 
research team targeted recruitment in counties that included urban and rural, moderate-to-low 
income, and similar racial and ethnic populations compared to the state. Baseline assessments 
were conducted in June 2015 for Wave 1, October 2015 for Wave 2, April 2016 for Wave 3, and 
October 2016 for Wave 4. Figure 4.1 highlights the selected counties: Cumberland (Waves 1 and 
2), Forsyth, Rowan, and Davidson (Wave 3), and Franklin, Granville, and Vance (Wave 4) 
(Figure 4.1). Wave 1 - 3 counties were relatively more urban compared to the more rural Wave 4 
counties.  
 The study was conducted with approval from the University of North Carolina – Chapel 
Hill institutional review board. Written informed consent was obtained from each participant. 
Details about the methodology and protocols of the CARE study have been described elsewhere 
(manuscript under review) (Clinical Trials Registration Database # NCT02381938). 
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Figure 4.1: Map of Counties Targeted for Child Care Center Recruitment 
         Child Care Center Location 
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Participant-Level Data Collection and Measures 
 During an on-site visit held during the baseline assessment period of each wave, 
participants completed the Carolina Health Assessment & Risk Tool (CHART), an online survey 
with modules assessing socio-demographics, health behaviors (physical activity, diet, tobacco 
use, sleep habits, and stress), psychosocial factors related to health behaviors, as well as 
participation and interest in worksite wellness efforts at the center. 
 Socio-demographic characteristics. Participants reported their age, gender, race, Hispanic 
ethnicity, highest level of education, annual household income, marital status, household 
composition (# of adults, # youth in home), mode of transportation to work, role/job position at 
the center, and insurance status. The response categories used to define these variables are listed 
in Table 4.3. 
 Physical measurements. Baseline assessments also included a series of physical 
measurements conducted by trained data collectors, including: 1) height (in.) using a Shorr 
measuring board (Shorr Productions, Olney, MD, USA), 2) weight (lb.) measured with Seca 
model 874 portable electronic scale (Seca Corporation, Columbia, MD, USA), and 3) waist 
circumference (cm.) measured with a Gulick II (Patterson Medical, Warrenville, IL, USA) 
measuring tape. Standard measurement protocols were followed (National Health and Nutrition 
Examination Survey (NHANES), 2007; Pickering et al., 2005). Measured height and weight 
were used to calculate BMI and weight status (underweight = BMI < 18.5; normal weight = BMI 
18.5–24.9; overweight = BMI 25.0–29.9; obese = BMI > 30.0). These data were used in the 
present study to describe participant health characteristics.  
  Eating Practices at Work: Within the “worksite wellness” module of CHART, staff 
members were asked about their eating practices at work: 1) during the past 6 months, did you 
 35 
 
eat the same meals and snacks that are provided for children? (response options: yes; no; no, it is 
against center policy); 2) is this your primary source of food daily? (yes/no). Participants who 
answered ‘no’ to eating the same meals and snacks provided for children were asked about the 
primary source of meals and snacks that they ate throughout the day at work (marking all the 
following options that applied yes/no): 1) packed from home; 2) on-site snack bar; 3) on-site 
vending machine; 4) food/catering truck; 5) local fast food restaurant; 6) local convenience store. 
These data were used for exploratory purposes to describe workers’ eating practices at work.  
 
Center-Level Data Collection and Measures 
 Center administrators (i.e., owners, directors, assistant directors) were asked to complete 
additional questions pertaining to the center, such as size (# of staff, # of children served), years 
of operation, North Carolina Division of Child Development - Quality Rating and Improvement 
System (QRIS) star rating (1-5 stars; where 5 stars = highest quality and standards related to 
programing and staff education), current participation in the Child Adult Care Food Program 
(CACFP), and accreditation by the National Association for the Education of Young Children 
(NAEYC). These data were collected for the parent study and used in the present study to 
examine the external validity of the data. Only participant-level demographic data were used as 
covariates in this study.  
  In the parent study, data cleaning first involved detection of missing data, typing errors 
in data entry, coding errors, outliers, and measurement errors, followed by correction of these 
errors.    
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Dependent Variable - Eating Habits Score  
Overview of Eating Habits Scoring Development: For this study, in consultation with Dr. 
Leslie Lytle, I developed an eating habits score with items collected as part of the dietary 
screener included in the CHART survey. At baseline, participants were asked to recall how 
frequently they consumed 23 food items during the past month. Items on this screener were 
slightly modified from the Dietary Screener Questionnaire, (Thompson et al., 2004; Thompson et 
al., 2005), which was used in the 2009-2010 National Health and Nutrition Examination Survey 
(CDC, 2017c), and the Diet History Questionnaire (Block et al., 1990). A previous validation 
study found that estimated intakes from this screener have moderate to high correlations (0.5 to 
0.8) with estimated intakes from dietary recalls (Thompson et al., 2004). Original screener items 
capture intake of fruits, vegetables, fiber/whole grains, added sugars, diary/calcium, and red and 
processed meat.  To tailor the screener to the needs of the CARE study, some items were merged 
(e.g., separate questions on soda and sweetened fruit drinks were combined into one item about 
sugar-sweetened beverages), other items were eliminated (e.g., salsa, pizza, tomato sauce), and a 
few new items were added (e.g., dark green vegetables, eggs, lean meats, seafood, salty snacks, 
premade foods, dining out).   
 Eating Habits Items and Scoring: Ten items reflecting healthy and unhealthy foods were 
selected to create an overall “Eating Habits Score”: (1) fruit; (2) beans, peas, legumes; (3) other 
vegetables; (4) whole grains; (5) red meat; (6) cold cuts, luncheon meats, other deli-style meats; 
(7) sweetened fruit drinks, coffee, tea, sports energy drinks, regular soda/pop; (8) sweets; (9) 
salty snacks; (10) prepared foods (see Table 4.1). Dietary guidelines encourage daily 
consumption of fruit, vegetables, and whole grains, and limiting the consumption of sugar-
sweetened beverages, sweets, and salty snacks, as high consumption of these foods is associated 
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with weight gain and obesity (DeSalvo, Olson, & Casavale, 2016; Office of Disease Prevention 
and Health Promotion (ODPHP), 2016). Thus, both healthy (e.g., vegetables) and unhealthy 
(e.g., sweets) food items were included in this eating habits score to reflect overall eating habits.  
 Scoring criteria were broadly based on dietary guidelines: for each item, a score of “2” 
was applied if the frequency response was “meeting recommendations,” a score of 1 if the 
response was “partially meeting recommendations,” while a score of “0” was applied if the 
response was “not meeting recommendations” (shown in Table 4.1). For items 1-4 (fruit, 
legumes, other vegetables, and whole grains), higher scores were applied to daily intake of those 
items (ODPHP, 2016; USDA, 2017b). For items 5-10 (red meat, cold cuts and luncheon meats, 
sugar-sweetened beverages, sweets, salty snacks, and prepared foods), higher scores were 
applied to less frequent intake (once a week or less often) (note: dietary guidelines recommend 
limited intake of these items, but do not specify frequency with which to consume/avoid these 
items). All 10 items were summed to create a total “Eating Habits Score,” ranging from 0 to 20, 
with a higher eating habits score reflecting healthier eating habits that align more closely with 
dietary guidelines. This process parallels steps taken by Trapp and colleagues (2015) in 
developing their dietary quality measures.  
 Eating Habits Score Distribution: Response categories were converted to daily 
frequencies. Descriptive analyses were conducted for individual items and overall eating habits 
scores. Histograms were created to explore response distribution among items. Among the 
sample of n=638 participants, the average eating habits score was 9.3 (SD: 3.4). Scores were 
normally distributed, with the majority of participants having mid-range scores between 5 and 
14. See Figure 4.2 for a histogram showing the distribution of eating habits scores among this 
sample.  
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Assessing Validity of Eating Habits Score: Content and face validity were assessed by 
nutrition experts (Drs. Lytle, Ward, Linnan) who reviewed and approved the scoring system. 
Construct validity was assessed by Pearson correlation coefficient between eating habits scores 
and the following anthropometric/health outcomes: 1) waist circumference and 2) BMI.  I 
hypothesized that participants reporting a higher eating habits score (i.e., healthier eating habits) 
would have a smaller waist circumference and lower BMI. As expected, healthier eating habits 
were negatively associated with waist circumference (-0.11; p=0.006) and BMI (-0.08; p=0.034). 
Findings presented here suggest this eating habits score has acceptable construct, content, and 
face validity and is suitable for use in this study. 
 
  
 
3
9
 
Table 4.1. Eating Habits Scoring Criteria 
Items in Eating Habits 
Scoring  
2 – meeting 
recommendation 
1 – partially meeting 
recommendation 
0 – not meeting 
recommendation 
Rationale for cut-off point 
1. Fruit 
Item: During the past month, 
how often did you eat fruit? 
Include fresh, frozen, canned, 
and dried. Do not include fruit 
juices.  
 1 time per day 
 2 or more times 
per day  
 3-4 times per 
week 
 5-6 times were 
week  
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 
Daily fruit intake is recommended. 
Dietary Guidelines: call for 1.5-2 cup 
equivalents of fruit each day 
 
References:  
https://health.gov/dietaryguidelines/2015/guid
elines/appendix-3/ 
https://www.choosemyplate.gov/fruit 
 
2. Beans, Peas, & Legumes 
Item: During the past month, 
how often did you eat beans, 
peas, or legumes? Include 
refried beans, baked beans, 
beans in soup, pork and beans, 
lentils, split peas, lima beans, 
black-eyed peas, or any other 
type of cooked dried beans. Do 
not include green beans. 
 1 time per day 
 2 or more times 
per day  
 3-4 times per 
week 
 5-6 times were 
week  
 
 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 
Daily vegetable intake is recommended. 
Dietary Guidelines call for 2-2.5 cup 
equivalents of vegetables each day. “Other 
Vegetables” (Item 3 below) also counts 
towards the recommended intake. Legumes 
also count towards recommended daily 
protein intake.  
 
References: 
https://health.gov/dietaryguidelines/2015/guid
elines/appendix-3/ 
https://www.choosemyplate.gov/vegetables 
https://www.choosemyplate.gov/protein-foods 
 
3. Other Vegetables 
Item: During the past month, 
how often did you eat other 
vegetables? Include fresh, 
frozen, canned, and dried. Do 
not include potatoes, beans, 
peas, or juice. 
 1 time per day 
 2 or more times 
per day  
 3-4 times per 
week 
 5-6 times were 
week  
 
 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 
Daily vegetable intake is recommended. 
Dietary Guidelines call for 2-2.5 cup 
equivalents of vegetables each day. “Beans, 
Peas, & Legumes” (Item 2 below) also counts 
towards the recommended intake. 
 
References: 
https://health.gov/dietaryguidelines/2015/guid
elines/appendix-3/ 
https://www.choosemyplate.gov/vegetables 
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Items in Eating Habits 
Scoring  
2 – meeting 
recommendation 
1 – partially meeting 
recommendation 
0 – not meeting 
recommendation 
Rationale for cut-off point 
4. Whole Grains  
Item: Of the times you ate 
grains during the past month, 
how often were they whole 
grains? Include oatmeal, rye, 
pumpernickel or whole wheat 
bread, whole cornmeal, brown 
rice, barley, bulgur, quinoa, 
millet, whole wheat pasta and 
popcorn. 
 1 time per day 
 2-3 times per day 
 4-5 times per day 
 6 or more times 
per day  
 3-4 times per 
week 
 5-6 times per 
week  
 
 
 
 
 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 
Daily whole grain intake is recommended. 
 
References: 
https://health.gov/dietaryguidelines/2015/guid
elines/appendix-3/ 
 
https://www.choosemyplate.gov/grains 
 
5. Red Meat 
Item: During the past month, 
how often did you eat red 
meat? Include beef, pork, ham, 
sausages, veal, and lamb. 
Include red meat you had in 
soup, stew, lasagna, or other 
mixed dishes. Do not include 
chicken, turkey, or seafood. 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 
 3-4 times per 
week 
 5-6 times per 
week 
 1 time per day 
 2 or more times 
per day 
Red meat intake should be limited. 
 
 
6. Cold Cuts, Luncheon 
meats, other deli-style 
meats 
Item: During the past month, 
how often did you eat cold cuts, 
luncheon meats or other deli-
style meats? Include hot dogs, 
bacon, jerky, cured meats, and 
bologna. 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 
 3-4 times per 
week 
 5-6 times per 
week 
 1 time per day 
 2 or more times 
per day 
Deli-style meats intake should be limited (to 
reduce intake of saturated and trans fats, 
sodium). 
 
 
7. Sweetened Fruit Drinks, 
Coffee, Tea, Sports 
Energy Drinks, Regular 
Soda/Pop 
Item: During the past month, 
how often did you drink 
sweetened fruit drinks, coffee, 
tea, sports energy drinks or 
regular soda or pop? Include 
drinks like Kool-Aid, 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 3-4 times per 
week 
 
 5-6 times per 
week 
 1 time per day 
 2-3 times per day 
 4-5 times per day 
 6 or more times 
per day 
Sweetened drinks intake should be limited (to 
reduce intake of added sugars). 
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Items in Eating Habits 
Scoring  
2 – meeting 
recommendation 
1 – partially meeting 
recommendation 
0 – not meeting 
recommendation 
Rationale for cut-off point 
lemonade, Hi-C, cranberry 
drink, fruit juices made at home 
with sugar, sweet tea, hot 
chocolate, coffee with sugar, 
iced coffee drinks, 
Frappuccino, flavored lattes, 
macchiato, mochas, Gatorade, 
Red Bull, and Vitamin Water. 
Do not include diet drinks, diet 
soda, diet pop or artificially 
sweetened drinks. 
8. Sweets  
Item: During the past month, 
how often did you eat sweets? 
Include cakes, cookies, pie, 
brownies, doughnuts, sweet 
rolls, Danish, muffins, pastries, 
ice cream, other frozen 
desserts, chocolates, and candy. 
Do not include sugar-free 
kinds. 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 3-4 times per 
week 
 
 5-6 times per 
week 
 1 time per day 
 2-3 times per day 
 4-5 times per day 
 6 or more times 
per day 
Sweets intake should be limited (to reduce 
intake of added sugars). 
 
9. Salty Snacks   
Item: During the past month, 
how often did you eat salty 
snacks? Include potato chips, 
corn chips, crackers, pretzels, 
popcorn, and salted nuts. 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 3-4 times per 
week 
 
 
 5-6 times per 
week 
 1 time per day 
 2-3 times per day 
 4-5 times per day 
 6 or more times 
per day 
Salty snacks intake should be limited (to 
reduce sodium intake).   
10. Prepared Foods  
Item: During the past month, 
how often did you eat meals, 
side dishes or appetizers that 
were prepared from frozen, 
cans or boxes? Include foods 
like pizza, pasta or rice dishes, 
potpies, chicken wings, tenders 
or nuggets, mozzarella sticks, 
taquitos, egg rolls, onion rings, 
 Never 
 1 time last month 
 2-3 times last 
month 
 1 time per week 
 2 times per week 
 3-4 times per 
week 
 
 5-6 times per 
week 
 1 time per day 
 2-3 times per day 
 4-5 times per day 
 6 or more times 
per day 
Prepared foods intake should be limited (to 
reduce intake of saturated and trans fats, 
sodium).  
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Items in Eating Habits 
Scoring  
2 – meeting 
recommendation 
1 – partially meeting 
recommendation 
0 – not meeting 
recommendation 
Rationale for cut-off point 
French fries, and frozen 
dinners. Do not include plain, 
frozen vegetables. 
Note: Response categories were converted to daily frequencies per NHANES scoring procedures. 
Reference: http://epi.grants.cancer.gov/nhanes/dietscreen/scoring/convert.htm 
 
Response categories Daily frequencies 
Never 0 times 
1 time last month 0.033 times 
2-3 times last month 0.083 times 
1 time per week 0.143 times 
2 times per week 0.286 times 
3-4 times per week 0.5 times 
5-6 times per week 0.786 times 
1 time per day 1 time 
2-3 times per day 2.5 times 
4-5 times per day 4.5 times 
6 or more times per day 6 times 
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                    Figure 4.2: Eating Habits Score Distribution 
  
 
Food Environment Measures 
Geocoding and Buffering Center and Home Locations: Home and center addresses were 
verified, cleaned (e.g., fix misspelling errors), geocoded by latitude and longitude coordinates, 
and mapped within ArcGIS geographic information system software (version 10.2.1). Home 
addresses spanned 26 counties (including the 7 counties targeted for center recruitment, plus 19 
other counties). Creating 5 mile buffers around home addresses extended into an additional 6 
counties, while creating 5 mile buffers around centers covered 18 counties. Altogether, 32 
counties comprised the overall study area for this study.  
Food Outlet Data Collection and Processing: Secondary data collection methods 
involving the use of online commercial databases have demonstrated good-to-moderate 
percentage agreement and sensitivity for correctly identifying and locating existing businesses 
(Bader et al., 2010; Boone et al., 2008; James et al., 2014; Paquet et al., 2008). Food outlet data 
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for the study area were gathered from ReferenceUSA, (www.referenceusa.com) a comprehensive 
online database of 24 million U.S. facilities and businesses, searchable by geography, business 
type, business size, and other factors. According to a review by Fleischhacker, Evenson, 
Sharkey, Pitts, and Rodriguez (2013), when ReferenceUSA and other commercial resources were 
compared with on-site verification, commercial resources yielded acceptable to excellent (0.65 to 
0.86) percentage agreement with on-site verification, moderate-to-excellent sensitivity (0.60 to 
0.96), good-to-excellent positive predictive value (0.70 to 0.94), and excellent concordance 
(0.94) (Fleischhacker et al., 2013). Although a valid secondary data source to use for this study, 
steps were taken to further verify and clean ReferenceUSA data as described below. 
 Data Selection and Downloading: Custom searches were performed for food outlets 
using North American Industry Classification System (NAICS) codes (a standard six-digit 
coding system that classifies business establishments in 20 industries searchable at 
www.naics.com) to create a comprehensive listing of food outlets. Table 4.2 presents the NAICS 
codes used to generate a list of supermarkets and grocery stores (445110); convenience stores 
(445120); and limited-service (“fast food”) restaurants (722513). Businesses are typically 
assigned multiple NAICS codes, including a primary NAICS code, secondary NAICS code, etc. 
Whereas supermarkets/grocery stores and convenience stores were identified by their primary 
NAICS codes (to highlight businesses’ primary activity and to avoid duplication), limited-service 
restaurants were not consistently identified by the primary NAICS code for limited-service 
restaurants.  For example, Burger King was designated as “limited-service” in some cases, and 
“full-service” in others. Therefore, limited-service restaurants were downloaded using a selection 
criteria in which the limited-services restaurants code (722513) applied anywhere (primary 
NAICS code, secondary NAICS code, etc.). Records were subsequently coded manually as 
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“limited-service” or “full-service,” and limited-service restaurants were retained in the resulting 
dataset (data cleaning and processing protocols are described below).  
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Table 4.2: NAICS Codes for Generating a List of Potential Food Outlets (Food Outlet Types) and # of Records Downloaded 
and Processed 
NAICS 
code 
Food Outlet Description Example 
Records 
Downloaded 
Unverified/ 
Miscategorized/ 
Duplicate 
Records – 
Marked and 
Removed from 
Dataset 
Records included in 
Dataset 
445110 
(Primary 
NAICS 
code) 
Supermarkets and 
other grocery 
(except 
convenience) stores 
This industry comprises establishments 
generally known as supermarkets and 
grocery stores primarily engaged in 
retailing a general line of food, such as 
canned and frozen foods; fresh fruits and 
vegetables; and fresh and prepared 
meats, fish, and poultry.  
 
Harris Teeter 
 
 
1549 203 1346 =  
 
Supermarkets/ 
Large grocery 
stores: 699 
 
Small grocery 
stores: 647 
445120 
(Primary 
NAICS 
code) 
Convenience stores This industry comprises establishments 
known as convenience stores or food 
marts (except those with fuel pumps) 
primarily engaged in retailing a limited 
line of goods that generally includes 
milk, bread, soda, and snacks. 
 
Kangaroo Express 
1478 47 1431 
722513 
(Any 
code) 
Limited-service 
restaurants (delis, 
pizza delivery 
shops, family 
restaurants limited 
service, take out 
eating places, fast-
food restaurants, 
takeout sandwich 
shops, limited-
service pizza 
parlors) 
This U.S. industry comprises 
establishments primarily engaged in 
providing food services (except snack 
and nonalcoholic beverage bars) where 
patrons generally order or select items 
and pay before eating. Food and drink 
may be consumed on premises, taken 
out, or delivered to the customer's 
location.  
 
Bojangle’s 
3612 591  
(full-
service 
rest.) 
3021 
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 Data Cleaning and Processing: ReferenceUSA data were downloaded as Excel 
spreadsheets by NAICS code and by county. Spreadsheets included data fields, such as address, 
latitude, longitude, annual sales, and number of employees. A thorough data cleaning and 
verification process was carried out to verify food outlet locations (confirm they were in business 
and at the same location) and to identify and correct miscategorizations by food outlet 
type/NAICS code (e.g., ConvenienceUSA (a convenience store) was moved from the grocery 
store dataset to the convenience store dataset). As recommended by Lucan (2015), I triangulated 
multiple data sources for a more complete inventory of food outlets. I reviewed and verified 
locations through GoogleEarth, Google searches, and food outlet websites. Duplicates and 
unverified locations were ‘marked’ and removed in the data cleaning process. Table 4.2 notes the 
number of records downloaded, marked as unverified/miscategorized/duplicate and removed, 
and included in the final dataset for each food outlet type.  
 Supermarkets and grocery stores were subdivided into: 1) supermarkets/large grocery 
stores, and 2) small grocery stores, to take into account differences in size and offerings of food 
stores. Using previously used definitions in the literature (Cobb et al., 2015) and definitions set 
forth by the Food Marketing Institute (www.fmi.org) and the Center for Disease Control and 
Prevention (2017d), supermarkets/large grocery stores were defined as earning annual sales 
greater than $2 million, and employing 10 employees or more. These stores serve the greatest 
selection of groceries, produce, meat, and other food products compared to smaller retail food 
stores. Smaller grocery stores that did not meet the supermarket/large grocery store definition 
were categorized as ‘small grocery stores.’ A total of 647 small grocery stores were identified 
(see Table 4.2). Corporate office and distribution center locations were identified and removed 
from these lists.  
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 Limited-service (“fast food”) restaurants were defined as locations where patrons order 
and pay before eating and primarily serve low-cost and quickly prepared/served foods, such as 
pizza and hamburgers. The top 50 fast food places (national fast food franchises/chains), 
according to Quick Service Restaurant (QSR) (www.qsrmagazine.com), as well as local fast 
food chains (verified online through restaurant websites) were included in this category. 
ReferenceUSA spreadsheets for limited-service restaurants (NAICS code 722513, applied as 
primary NAICS code, secondary NAICS code, etc.) were downloaded, and then records were 
coded manually as “limited-service” or “full-service.” Full-service restaurants, where patrons 
order and are served while seated and pay after eating, were identified and verified by internet 
searches, restaurant websites, and review websites, such as Yelp (table service: yes/no). These 
records were ‘marked’ and removed from the final limited-service restaurant dataset. 
 
Independent Variables 
 The independent variables that were examined included the following spatial access 
measures: density of: supermarkets/large grocery stores and small grocery stores; 
convenience stores; and limited-service “fast food” restaurants surrounding workers’ home, 
workplace, and commute. Within ArcGIS software, food outlet layers were overlayed with 
center and home spatial layers to create radial buffers and road network buffers around home 
and workplace addresses at two spatial scales: 1 mile (1600 meters) and 5 miles (8000 meters), 
and then deriving density measures from the total counts of food outlets (food stores, 
convenience stores, and restaurants) within these buffers. My choice of spatial scales was 
informed by the literature. A mile, a commonly used buffer across the food environment 
literature (Cobb et al., 2015; Gamba et al., 2015), represents a “walkable distance” in which one 
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could walk from point A to point B in 15 minutes at moderate to vigorous activity (a longer walk 
if walking slower). Moreover, the U.S. Department of Agriculture (USDA) (2017a) designates 
food deserts in urban areas by those areas where food outlet opportunities are accessible for 
people within one mile from home. Liu and colleagues (2015) found that a 1 mile buffer around 
homes represented 55% coverage of all food establishments visited, 57% of coverage of fast 
food/convenience stores, and 64% coverage of grocery stores/supermarkets. Alternatively, 5 
miles is a “drivable distance”; and has been cited in previous food environment studies 
conducted in both rural (Sharkey et al., 2009) and urban settings (Reitzel et al., 2016). Workers 
are likely to travel this distance to a nearby food outlet during their lunch break. Liu and 
colleagues (2015) found that 5 miles contained 80% coverage of all food establishments visited, 
82% coverage of fast food/convenience stores, and 84% coverage of grocery 
stores/supermarkets.  
 Radial buffers are created by drawing a straight line from a point (e.g., home) at a given 
distance (radius) and creating a circle around the point (James et al., 2014) (see Figure 4.3). 
Although a well-accepted method for food environment research, this method may misrepresent 
the amount of area that is actually accessible to the individual if the buffer captures natural 
features, such as a body of water (James et al., 2014). Alternatively, road network buffers are 
created by tracing a given distance from a centroid (e.g., home) via the street network (James et 
al., 2014), providing greater accuracy than radial buffers. Road network buffers tend to cover 
smaller areas than radial buffers (see Figure 4.3). This study provides a unique opportunity to 
explore these buffer methods at two spatial scales. 
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Figure 4.3: Radial Buffer (circle shown) and Road Network Buffer (polygon) around a 
Participant’s Home Address 
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 Commute paths were modeled by the shortest distance along the street network between 
homes and workplaces, using the Network Analyst feature in ArcGIS (Burgoine & Monsivais, 
2013). This modeling approach has been shown to be an acceptable proxy for routes taken by 
commuters (Burgoine, Jones, Brouwer, & Neelon, 2015; Dalton, Jones, Panter, & Ogilvie, 
2015). Burgoine and Monsivais (2013) used the shortest street network distance between home 
and workplaces to model commutes, and found that these routes aligned closely with commercial 
mapping tools, such as Google Maps. To evaluate food exposures along commutes, commute 
path buffers were drawn at a 200 meter-width (0.124 mile) along commutes between home and 
work addresses (Badland, Schofield, & Garrett, 2008; Wong, Faulkner, & Buliung, 2011) (see 
Figure 4.4).  
 
 
Figure 4.4: Buffered Commute Paths for Participants Working in Cumberland County, NC 
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Defining Urban-Rural Designation 
 To take into account the geographical heterogeneity across the study area with respect to 
urbanicity, the Rural-Urban Commuting Area (RUCA) Classification System was used to 
categorize the urbanicity level of census tracts containing child care centers and home locations.  
This system was developed by the U.S. Department of Agriculture in collaboration with the 
Health Resources Service Administration Office of Rural Health Policy and University of 
Washington Rural Health Research Center. Ten primary and 33 secondary codes define census 
tracts by population density, urbanization, and daily commuting. A four-tiered consolidation of 
the RUCA system (delineated in the RUCA system guide) subdivides these categories into: 1) 
urban core (contiguous built-up areas or 50,000 persons or more); 2) sub-urban areas; 3) large 
rural town; and 4) small town and isolated rural areas (Washington State Department of Health, 
2016). For this study, these categories were collapsed into two categories: urban core or “urban” 
(for census tracts with primary code 1) vs. non-urban or “rural” (for census tracts with primary 
codes 2-10). A similar two-category system was used previously by Rodriguez, Carlos, Adachi-
Mejia, Berke, and Sargent (2012). For the present study, urban vs. rural workers were classified 
accordingly based on the urban-rural status of where they worked, while urban vs. rural residents 
were classified accordingly by the urban-rural status of where they lived.  
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Merging ReferenceUSA and CARE Study Data 
  Cleaned ReferenceUSA data (refer to cleaning protocol under “Food Outlet Data 
Collection and Processing”) were imported into ArcGIS software (version 10.2.1) and merged 
with child care center and home addresses. The following steps were taken to determine food 
outlet densities and prepare the resulting dataset for subsequent analyses in SAS: 
1. Create Buffer Layers (around home, work, & commute): Create 1 mi. and 5 mi. radial buffers 
around homes and centers; create 1 mi. and 5 mi. road network buffers around homes and centers 
using Network Analyst features; create 200 m commute path buffers 
2. Create Spatial Layers for Food Outlet Type: Geocode food outlet locations and create spatial 
layer for each food outlet type (e.g., supermarkets/large grocery stores, etc.) 
3. Overlay Buffer and Spatial Layers: Overlay buffer layers with spatial layers to combine layers  
4. Determine Number of Food Outlets within Given Buffers: Conduct “spatial join” for a given 
buffer layer and spatial layer and merge (i.e., by center ID or participant ID) to determine food 
outlet densities (i.e., count per buffer) 
5. Export Data: Export and download data (i.e., by center ID and participant ID) into an Excel 
spreadsheet 
6. Import Excel Data into SAS for Descriptive Analysis: Conduct descriptive analysis on counts 
per buffer for each food outlet type by home, work, and commute settings 
7. Merge Food Outlet Density Dataset with Center-level and Participant-level Datasets in SAS: 
merge datasets and conduct regression analyses between independent variables and the 
dependent variable.  
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Covariates 
 Potential covariates related to eating habits were identified based on empirical evidence 
from the literature (Furst et al., 1996; Kelly et al., 2016). Research has shown that reliance on 
food eaten away from home declines with age (Binkley, 2006); people with lower household 
incomes tend to consume fewer fruits and vegetables than higher income households (Kamphuis 
et al., 2006); and, married people are more likely to have higher fruit and vegetable intakes than 
those who are single. Specifically, I assessed age, gender, race (African American or other), 
marital status (married/living with a partner or not), highest level of education (Bachelor’s 
degree/more or less), and obesity status (yes/no based on BMI) for inclusion in the adjusted 
model. I controlled for those covariates that were correlated with eating habits.  
 
Descriptive Analyses 
  Descriptive analyses were conducted to examine: 1) participant socio-demographics and 
health characteristics (Table 4.3), 2) center-level characteristics (Table 4.4), 3) food outlet 
density (i.e., number of food outlets within each buffer) around workers’ home, workplace, and 
commute (Tables 4.5-4.8). Between-subjects ANOVA (One-way ANOVA) tests were used to 
analyze potential differences between food outlet densities in urban vs. rural areas, and home vs. 
work settings. Statistical significance was assessed at alpha level=0.05. Analyses were conducted 
using SAS software 9.4 (SAS Institute Inc., Cary, NC, USA).  
 
Statistical Analyses  
Associations between food environment exposure variables and eating habits were 
modeled using Generalized Estimating Equations (GEEs) (Hanley, Negassa, & Forrester, 2003; 
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Hubbard et al., 2010) to account for correlated data emerging from the parent study’s clustered 
design (i.e., potential clustering of workers within child care centers). PROC GENMOD in SAS 
with appropriate distribution (dist=normal for continuous dependent variable) and link 
(link=identity for continuous dependent variable) functions were used to model continuous food 
outlet densities around workers’ home, workplace, and commute, and self-reported eating habits. 
Type III Wald 2 tests were used to test the significance of predictors in the GEE models.  
  
Results 
Sample 
A total of 704 child care workers at 74 centers consented and participated in baseline 
assessment (prior to randomization) across all four waves between 2015 and 2016. Of the 704 
workers, 66 were excluded due to: missing home address (n=26), home address that could not be 
geocoded (e.g., P.O. Box address) (n=22), spatial access buffers extending beyond NC borders 
(n=3), missing CHART data (n=10), missing eating habits data (n=3), and duplicate participant 
records (n=2), yielding a final analytic sample of 638 workers from 73 centers for the current 
study. No more than 10% of data were missing for each variable of interest. 
 
Descriptive Statistics 
 Of the 638 participants, a total of 555 participants (87.0%) worked in urban areas 
compared to 83 (13.0%) who worked in rural areas. Similarly, participants (n=638) lived 
predominantly in urban areas (n=507, 79.5%) than in rural areas (n=131, 20.5%). Over three-
quarters (75.7%, n=483) of the sample lived and worked in urban settings, followed by 11.3 
percent (n=72) who lived in rural settings, but worked in urban settings, and 9.3 percent (n=59) 
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who lived and worked in rural settings. A smaller proportion (3.8 percent, n=24) lived in urban 
areas, but worked in rural areas. Baseline participant socio-demographic and health 
characteristics (n=638) are presented in Table 4.3.  
Socio-Demographic Characteristics: The sample was largely female (n=621, 97.3%). 
Mean age for staff was 40 years old (+13.0). Most participants were African American (n=341, 
55.0%), followed by Caucasian (n=234, 37.7%). Thirty-six participants (5.6%) self-reported as 
Hispanic. Participants had some college (n=249, 39.0%), Associate’s degree (n=153, 24.0%), 
Bachelor’s degree (n=133, 20.9%), or Graduate degree/higher (n=23, 3.6%). A little over half of 
the sample (n=332, 52.0%) was married or living with a partner, and households averaged 3.3 
(+1.7) people. A total of 261 participants (40.9%) reported annual household incomes of $20,000 
or less (the federal poverty level: $20,420 for a household of three) (U.S. Department of Health 
& Human Services, 2017). Seventy-one participants (11.1%) declined to report their income. 
Almost all (97.8%) participants traveled to work by car, truck, or van, either as a driver (n=588, 
92.2%), or passenger (n=36, 5.6%). Eight participants (1.3%) reported taking the bus to work, 
while only three people walked to work. About three-quarters (n=482, 75.6%) of the sample had 
medical insurance. 
 Health Characteristics: Mean body mass index was 34.2 (+9.0), with most participants 
classifying as overweight (n=147, 23.0%) and obese (n=410, 64.3%). Mean waist circumference 
was 105.9 (+18.4) centimeters (waist circumference among women >88 cm indicates high risk 
for chronic disease) (NHLBI, 2017b) (Table 4.3).  
 Eating Habits Score: Participants had a mean Eating Habits score of 9.3 (+3.4) out of 
possible 20 points. Rural residents had a slightly higher mean eating habits score, 9.44 (+3.36) 
(range: 2-20), than urban residents, 9.28 (+3.43) (range: 0-19). Eating habits were similar for 
 57 
 
workers working in urban vs. rural areas: urban workers had a mean score of 9.31 (+3.44) 
(range: 0-20) compared to rural workers who had a mean score of 9.33 (+3.25) (range: 3-19). 
 Eating Practices at Work: When asked about the past 6 months, over half of staff 
members surveyed (n=336 of 534; 62.9%) reported eating the same meals and snacks that were 
provided to children, and among these 336 participants, 121 staff (36.0%) described these foods 
as their primary source of food eaten at work daily. Among staff (n=413) who did not report 
foods provided to children as their primary source of food eaten at work daily, most staff 
members (n=289, 70.0%) reported bringing their lunch from home, while fewer staff (n=19, 
4.6%) purchased food from on-site snack bar, onsite vending machine (n=29, 7.0%), and 
food/catering truck (n=10, 2.4%). A little over half (n=207, 50.1%) reported frequenting a local 
fast food restaurant and a 31.2% (n=129) reported frequenting a local convenience store for their 
food eaten at work daily. 
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Table 4.3. Participant Characteristics (n=638) 
 N (%) Mean (SD) 
Age (years)  39.81 (13.0) 
Sex   
Female 621 (97.3)  
Male 17 (2.7)  
Race   
Caucasian 234 (37.7)  
African American 341 (55.0)  
Asian 6 (1.0)  
American Indian/Alaskan Native 13 (2.1)  
Other 3 (0.5)  
Mixed 23 (3.7)  
Ethnicity   
Hispanic 36 (5.6)  
Highest level of education   
High school diploma/GED 80 (12.5)  
Some college 249 (39.0)  
Associate's degree 153 (24.0)  
Bachelor's degree 133 (20.9)  
Graduate, MS, or higher 23 (3.6)  
Married/Living with a partner 332 (52.0)  
# in household  3.3 (1.7) 
Household income (annual)   
< $20K 261 (40.9)  
$20-35K 160 (25.1)  
$35-50K 74 (11.6)  
$50-75K 38 (6.0)  
> $75K 34 (5.3)  
prefer not to answer 71 (11.1)  
Transportation to work   
Car, truck, van (driver) 588 (92.2)  
Car, truck, van (passenger) 36 (5.6)  
Bus 8 (1.3)  
Taxicab 2 (0.3)  
Walk 3 (0.5)  
Health insured (reported having health 
insurance) 
482 (75.6)  
BMI (kg/m2)  34.2 (9.0) 
     Underweight 6 (0.9)  
     Normal weight 75 (11.8)  
     Overweight 147 (23.0)  
     Obese 410 (64.3)  
Waist circumference (cm)  105.9 (18.4) 
 
 
 59 
 
 
Child Care Center Characteristics: Table 4.4 presents child care center-level 
characteristics (n=73 child care centers). Participating child care centers (n=73) were more likely 
to be in urban areas (n=60, 82.2%) than in rural areas (n=13, 17.8%). These centers cared for, on 
average, 59.1 (+33.2) children, and employed 12.9 (+8.4) staff. The sample consisted of 
administrators (e.g., center directors, assistant directors) (n=121, 17.4%), and caregiver staff 
(n=575, 82.6%). Centers had high star ratings, mean 4.3 (+0.7) out of a possible five stars.  By 
comparison, most centers across the state have ratings of: 3 (18% of centers), 4 (24%), or 5 stars 
(42%) (Child Care Services Association, 2015). Almost all centers (n=71, 97.3%) accepted 
subsidies while n=60 centers (84.5%) participated in the Child and Adult Care Food Program 
(CACFP), and n=11 centers (15.1%) were accredited by National Association for the Education 
of Young Children (NAEYC).    
 
Table 4.4. Child Care Center Characteristics (n=73) 
 N (%) Mean (SD) 
Urban vs. Rural Location   
        Urban 60 (82.2)  
        Rural 13 (17.8)  
Size   
# of children  59.12 (33.2) 
# of employees  12.85 (8.4) 
Employee role   
Administrator 121 (17.4)  
Staff 575 (82.6)  
Star rating  4.30 (0.7) 
Accepts subsidies 71 (97.3)  
CACFP participation 60  (84.5)  
NAEYC accredited 11 (15.1)  
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Descriptive Results: Food Outlet Coverage in Work, Home, and Commute Settings 
 Results reported here are for 5-mile road network buffers. Similar results were found 
using 1- and 5-mile radii (1-mile buffer results are presented in Appendix 4.1), and, using radial 
and road network buffers (radial buffer results are presented in Appendix 4.1). Given that five 
miles represents a drivable distance for a sample that largely relies on cars as their mode of 
transportation, and road network buffers are more precise than radial buffers because they take 
into account traversability by road, the 5 mile road network buffer was most appropriate for this 
study.  
 
Spatial Access to Food Outlets around Work 
  Table 4.5 presents road network density results for food outlets within 5 miles of work 
for all child care centers (n=73), and by urban child care centers (n=60) and rural child care 
centers (n=13). Nearly all centers were located within 5 road network miles of at least one 
supermarket (97.3%, n=71), small grocery store (91.8%, n=67), while all were located within 5 
miles of a convenience store (100.0%, n=73), and fast food restaurant (100.0%, n=73). On 
average, about nine supermarkets, eight small grocery stores, 24 convenience stores, and 49 fast 
food restaurants were located within 5 miles of child care centers (Table 4.5). Differences by 
urban-rural designation were statistically significant for all food outlet types (Table 4.5). Food 
outlet densities for all food outlet types were higher in urban areas compared to rural areas. 
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Table 4.5: Food Outlets within 5 miles of Work (Child Care Centers) in Urban and Rural 
Areas (n=73 centers) 
  5 mile road network density  
Food Outlet Type  
TOTAL 
(n=73 centers) 
Urban 
(n=60 centers) 
Rural 
(n=13 centers) 
p-value 
Supermarkets/ 
large grocery stores 
Mean (sd) 
Range  
8.78 (5.58) 
(0-23) 
10.10 (5.20) 
(0-23) 
2.69 (2.21) 
(0-7) 
0.000* 
Small grocery stores 
Mean (sd) 
Range 
7.88 (7.22) 
(0-36) 
9.10 (7.33) 
(0-36) 
2.23 (2.62) 
(0-8) 
0.001* 
Convenience stores 
Mean (sd) 
Range 
23.75 (15.58) 
(1-55) 
27.63 (14.30) 
(2-55) 
5.85 (5.23) 
(1-17) 
0.000* 
Limited-service (“fast 
food”) restaurants 
Mean (sd) 
Range 
48.55 (33.43) 
(1-104) 
57.08 (30.51) 
(1-104) 
9.15 (9.25) 
(1-27) 
0.000* 
*significant difference (p<0.05)  
 
Spatial Access to Food Outlets around Home 
 Nearly all participants lived within 5 road network miles of at least one supermarket 
(89.2%, n=569), small grocery store (88.7%, n=566), convenience store (96.6%, n=610), and fast 
food restaurant (91.4%, n=583). On average, about seven supermarkets, six small grocery stores, 
18 convenience stores, and 38 fast food restaurants were located within 5 miles of homes (Table 
4.6). Differences in food outlet densities by urban vs. rural residential areas remained statistically 
significant for home settings (Table 4.6). All food outlet densities were higher in urban areas 
compared to rural areas. 
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Table 4.6: Food Outlets within 5 miles of Home (n=638 Participants) 
  5 mile road network density  
Food Outlet Type  
TOTAL 
(n=638) 
Urban 
(n=507) 
Rural 
(n=131) 
p-value 
Supermarkets/ 
large grocery stores 
Mean (sd) 
Range 
6.97 (5.40) 
(0-23) 
8.31 (5.14) 
(0-23) 
1.79 (2.46) 
(0-12) 
0.000* 
Small grocery stores 
Mean (sd) 
Range 
6.19 (6.40) 
(0-35) 
7.39 (6.58) 
(0-35) 
1.56 (2.13) 
(0-11) 
0.000* 
Convenience stores 
Mean (sd) 
Range 
17.96 (14.27) 
(0-61) 
21.61 (13.59) 
(0-61) 
3.86 (5.17) 
(0-32) 
0.000* 
Limited-service (“fast 
food”) restaurants 
Mean (sd) 
Range 
38.03 (31.49) 
(0-141) 
46.32 (29.88) 
(0-141) 
5.95 (8.89) 
(0-41) 
0.000* 
*significant difference (p<0.05)  
 
 
Spatial Access to Food Outlets along Commute 
 Commutes were calculated for 636 participants (n=2 were excluded because they lived 
and worked at the same location). Workers traveled, on average, 7.9 miles (SD=7.1; Min=0.1; 
Max=74.6) from home to work. In terms of travel time, workers drove about 15.2 minutes to 
arrive to work (SD=11.6; Min=0.2; Max=115.0). Along commute paths buffered at 200 meters, 
participants were exposed, on average, to one supermarket, one small grocery store, three 
convenience stores, and six fast food restaurants (Table 4.7).  
 Commute distances were stratified into tertiles to differentiate between short, medium, 
and long commutes. As shown in Table 4.7 and graphically in Figure 4.5, a positive relationship 
was observed between commute distance and average number of food outlets along the commute 
path, whereby, as commute distance increased, food outlets along the path increased as well. 
Differences in food outlet densities among commute tertiles were statistically significant, such 
that workers were exposed to more food outlets while driving longer distances.  
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Table 4.7: Food Outlets along Commute (200 m from Commute Paths) by Commute 
Distance (n=636 participants^) 
Food Outlet 
Type 
 
TOTAL 
(n=636) 
Short 
Commute 
Tertile 1 
(n=212) 
Medium 
Commute 
Tertile 2 
(n=212) 
Long 
Commute 
Tertile 3 
(n=212) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean (sd) 
Range  
0.99 (1.25) 
(0-10) 
0.41 (0.67) 
(0-3) 
0.92 (1.00) 
(0-4) 
1.63 (1.59) 
(0-10) 
0.000* 
Small grocery 
stores 
Mean (sd) 
Range 
0.88 (1.22) 
(0-11) 
0.33 (0.66) 
(0-3) 
0.95 (1.20) 
(0-7) 
1.37 (1.43) 
(0-11) 
0.000* 
Convenience 
stores 
Mean (sd) 
Range 
3.06 (2.90) 
(0-17) 
1.26 (1.20) 
(0-6) 
2.95 (2.11) 
(0-8) 
4.97 (3.54) 
(0-17) 
0.000* 
Limited-
service (“fast 
food”) 
restaurants 
Mean (sd) 
Range 
6.10 (7.00) 
(0-56) 
2.26 (3.24) 
(0-17) 
5.88 (5.41) 
(0-22) 
10.14 (8.76) 
(0-56) 
0.000* 
^n=2 removed because these participants lived and worked at the same location (did not have a commute) 
*significant difference (p<0.05)  
 
Figure 4.5: Spatial Access to Food Outlets along Commutes for Total and by Short, 
Medium, and Long Commutes 
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Comparing Food Outlet Coverage around 5 miles from Work vs. Home   
 Using a 5-mile road network density measure, I compared food outlet densities around 
child care centers compared to food outlet densities around residential addresses. I found 
statistically significant differences between food outlet exposures in home and work settings for 
all food outlet types among the total sample, whereby more food outlets were located around 
work than home (Table 4.8). In urban areas, differences in food outlet densities were statistically 
significant and favored work settings over home settings, except for small grocery stores. In rural 
areas, no such statistically significant differences were found. 
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Table 4.8: Comparing Food Outlet Exposures within 5 miles (Road Network Density) of Work vs. Home, among Total Sample, 
and by Urban vs. Rural status of Workplace and Home Locations 
*significant difference (p<0.05)  
 
  5 mile road network density 
  TOTAL URBAN RURAL 
Food Outlet 
Type 
 
WORK 
(n=73 
centers) 
HOME 
(n=638 
workers) 
p-
value 
WORK 
(n=60 
centers) 
HOME 
(n=507 
workers) 
p-value 
WORK 
(n=13 
centers) 
HOME 
(n=131 
workers) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean (sd) 
Range 
8.78 (5.58) 
(0-23) 
6.97 (5.40) 
(0-23) 
0.007* 
10.10 (5.20) 
(0-23) 
8.31 (5.14) 
(0-23) 
0.011* 
2.69 (2.21) 
(0-7) 
1.79 (2.46) 
(0-12) 
0.207 
Small grocery 
stores 
Mean (sd) 
Range 
7.88 (7.22) 
(0-36) 
6.19 (6.40) 
(0-35) 
0.035* 
9.10 (7.33) 
(0-36) 
7.39 (6.58) 
(0-35) 
0.061 
2.23 (2.62) 
(0-8) 
1.56 (2.13) 
(0-11) 
0.291 
Convenience 
stores 
Mean (sd) 
Range 
23.75 (15.58) 
(1-55) 
17.96 (14.27) 
(0-61) 
0.001* 
27.63 (14.30) 
(2-55) 
21.61 (13.59) 
(0-61) 
0.001* 
5.85 (5.23) 
(1-17) 
3.86 (5.17) 
(0-32) 
0.188 
Limited-
service (“fast 
food”) 
restaurants 
Mean (sd) 
Range 
48.55 (33.43) 
(1-104) 
38.03 (31.49) 
(0-141) 
0.007* 57.08 (30.51) 
(1-104) 
46.32 (29.88) 
(0-141) 
0.009* 
9.15 (9.25) 
(1-27) 
5.95 (8.89) 
(0-41) 
0.219 
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Regression Analyses (GEE) Results: Unadjusted (Null) Model  
 Regression analyses (GEE) results are reported for 5-mile road network buffers. GEE 
results and conclusions were similar using 1-mile radial and road network buffers and 5-mile 
radial buffers (results are presented in Appendix 4.2). 
 Table 4.9 presents the unadjusted (null model) GEE results for associations between 
spatial access to food outlets and eating habits scores, among the total sample. As hypothesized 
for the small grocery store results, the association between eating habits scores and small grocery 
store density at 5 road network miles from home approached statistical significance (β=0.036, 
p=0.051). No other associations were statistically significant. Notably, food outlet densities 
around work and along commutes were unrelated to eating habits score across all food outlet 
types. 
 
Adjusted GEE Results 
 Potential covariates with the dependent variable (eating habits score) were tested for 
inclusion in the adjusted model (see covariates outlined in measures section). Statistically 
significant correlations were found between eating habits scores and age (0.128; p=0.001), 
education (0.092; p=0.020), and obesity status (-0.115; p=0.004), such that being older and 
having more education were correlated with better eating habits scores, while being obese was 
correlated with lower eating habits scores; thus, age, education, and obesity status were 
controlled for in the adjusted model. Table 4.10 shows the adjusted GEE results for the total 
sample. After adjusting for age, education, and obesity status, each additional small grocery store 
within 5 road network miles from home was associated with a significantly better eating habits 
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score (β=0.037, p=0.046). Spatial access to food outlets around work and along commutes was 
unrelated to eating habits scores in the adjusted model (Table 4.10). 
GEE Results for the Urban Subsample: Given the differences observed in urban and rural 
settings (descriptive analyses results in Tables 4.5, 4.6, 4.8), GEE models were stratified by 
urban vs. rural subsamples in Tables 4.11 and 4.12, respectively, for home and work settings. 
Table 4.11 shows the results for the subsample of urban workers and urban residents, adjusted 
for age, education, and obesity status.  Each additional small grocery store within 5 road network 
miles from home (β=0.040, p=0.035) was significantly associated with a better eating habits 
score. No associations were found between eating habits and food outlet density around work. 
GEE Results for the Rural Subsample: Table 4.12 shows the results for the subsample of 
rural workers and rural residents, adjusted for age, education, and obesity status. Significant 
results were found for food outlets within 5 road network miles from work. Specifically, each 
additional supermarket (β=0.323, p=0.017), convenience store (β=0.129, p=0.017), and limited-
service restaurant (β=0.078, p=0.012) within 5 road network miles from work was associated 
with a better eating habits score. No associations were found between eating habits and food 
outlet density around homes.  
 Table 4.13 provides a summary of the associations observed between spatial access to 
food outlets and eating habits scores, whereby higher food outlet density was associated with 
better eating habits. (Tables 4.10-4.12). Hypothesis 1a related to small grocery stores was 
supported for home settings among the total sample and urban residents. Also included in 
Hypothesis 1a was the relationship between supermarkets/large grocery stores and eating habits, 
which was supported for work settings among rural workers. However, Hypothesis 1b for 
convenience stores and Hypothesis 1c for limited-service restaurants were not supported; 
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associations were in the opposite direction as hypothesized. More significant associations were 
found for work settings compared to home settings, while none were found for commutes, and 
more associations were observed among the rural subsample compared to the urban subsample.  
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Table 4.9: Associations between Spatial Access to Food Outlets and Eating Habits Score (Total Sample; Unadjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=638)     
5 mi from work (road 
network) 
0.009 (0.021) 
p=0.687 
0.009 (0.019) 
p=0.626 
0.001 (0.008) 
p=0.950 
0.000 (0.004) 
p=0.994 
Around Home (n=638)     
5 mi from home (road 
network) 
0.000 (0.025) 
p=0.991 
0.036 (0.019) 
p=0.051 
0.003 (0.009) 
p=0.768 
0.002 (0.005) 
p=0.643 
Along Commute (n=636)     
200 m from commute path -0.054 (0.107) 
p=0.610 
-0.107 (0.118) 
p=0.364 
0.025 (0.047) 
p=0.589 
0.006 (0.019) 
p=0.762 
*significant association (p<0.05)  
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Table 4.10: Association between Spatial Access to Food Outlets and Eating Habits Score (Total Sample; Adjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=638)     
5 mi from work (road 
network) 
0.005 (0.022) 
p=0.808 
0.007 (0.020) 
p=0.746 
-0.003 (0.008) 
p=0.703 
-0.001 (0.004) 
p=0.716 
Around Home (n=638)     
5 mi from home (road 
network) 
0.008 (0.025) 
p=0.747 
0.037 (0.019) 
p=0.046* 
0.003 (0.009) 
p=0.730 
0.003 (0.005) 
p=0.504 
Along Commute (n=636)     
200 m from commute path -0.057 (0.104) 
p=0.585 
 
-0.084 (0.114) 
p=0.463 
0.027 (0.049) 
p=0.586 
0.006 (0.019) 
p=0.734 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status 
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Table 4.11: Associations between Spatial Access to Food Outlets and Eating Habits Score (Urban Subsample; Adjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=555) 
(Urban Census Tract) 
    
5 mi from work (road 
network) 
0.001 (0.027) 
p=0.961 
0.005 (0.023) 
p=0.838 
-0.005 (0.009) 
p=0.573 
-0.003 (0.005) 
p=0.585 
Around Home (n=507) 
(Urban Census Tract) 
    
5 mi from home (road 
network) 
0.007 (0.027) 
p=0.788 
0.040 (0.019) 
p=0.035* 
0.004 (0.010) 
p=0.678 
0.004 (0.005) 
p=0.416 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status 
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Table 4.12: Associations between Spatial Access to Food Outlets and Eating Habits Score (Rural Subsample; Adjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=83) 
(Rural Census Tract) 
    
5 mi from work (road 
network) 
0.323 (0.135) 
p=0.017* 
0.175 (0.096) 
p=0.070 
0.129 (0.054) 
p=0.017* 
0.078 (0.031) 
p=0.012* 
Around Home (n=131) 
(Rural Census Tract) 
    
5 mi from home (road 
network) 
0.107 (0.100) 
p=0.284 
0.195 (0.145) 
p=0.179 
0.033 (0.054) 
p=0.543 
0.036 (0.032) 
p=0.263 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status  
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Table 4.13: Summary of Statistically Significant Associations Observed between Spatial Access to Food Outlets and Eating 
Habits Scores 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
Around Work     
5 mi from work (road 
network) 
+ (rural; Table 4.12)  + (rural; Table 4.12) + (rural; Table 4.12) 
Around Home     
5 mi from home (road 
network) 
 + (total, Table 4.10) 
+ (urban, Table 4.11) 
  
Along Commute      
200 m from commute path     
Hypotheses Supported 
(yes/no) 
H1a for Work Setting: 
yes 
H1a for Home 
Setting: yes 
H1b: No H1c: No 
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Discussion 
 This was the first study to examine relationships between child care workers’ eating 
habits and spatial access to supermarkets/grocery stores, convenience stores, and limited-service 
restaurants around child care workers’ workplace, home, and along their commute.  
  I found statistically significant differences in food outlet densities between workplace 
and home settings, whereby child care workers were exposed to more food outlets around work 
compared to home. Burgoine and Monsivais (2013) also found greater food outlet exposures 
around workplaces compared to home, and Moore and colleagues (2013) found more 
supermarkets and food stores in work environments than in home environments. This finding 
underscores two important points: food outlets tend to be concentrated around workplaces (e.g., 
business districts) than residential neighborhoods, emphasizing the importance of measuring 
food outlet exposures around the workplace because studying residential neighborhoods alone is 
likely to underestimate food exposures. Not surprisingly, I found that child care workers in urban 
settings were exposed to more food outlets compared to workers in rural settings.  
 Regression results (GEE) revealed statistically significant associations that were in 
expected and unexpected directions. As hypothesized (Hypothesis 1a), I found positive 
associations between child care workers’ eating habits scores and access to supermarkets and 
small grocery stores around work and home, such that having access to a higher number of 
grocery stores was related to healthier eating habits (although not consistently). This finding is 
consistent with Thornton, Lamb, and Ball (2013) who found that having access to supermarkets 
around work was associated with greater fruit and vegetable intake, as well as Moore and 
colleagues (2008) who found a positive association between proximity to supermarkets and 
grocery stores near home and diet (assessed by two measures: the Alternate Healthy Eating Index 
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(AHEI) – a summary index of dietary indicators associated with a lower chronic disease risk; and 
“fats and processed meats” (FPM) dietary pattern measure). While I found significant 
associations in the expected direction for supermarket density around work and healthier eating 
habits among rural workers as well as small grocery store density around home and healthier 
eating habits among the sample and urban residents, I also observed null associations with 
respect to supermarket density around home and eating habits, and smaller grocery store density 
around work and eating habits. These results are consistent with a large scale, longitudinal study 
by Boone-Heinonen and colleagues (2011) which found that neighborhood supermarket and 
grocery store availability were generally unrelated to diet quality and fruit and vegetable intake.  
 Contrary to Hypotheses 1b and 1c, positive associations were also found between eating 
habits and access to convenience stores and limited-service restaurants, such that having access 
to a higher number of convenience stores and fast food restaurants were associated with healthier 
eating habits. A possible explanation for these mixed findings could be related to interpreting 
food outlet types as ‘healthy’ versus ‘unhealthy, which may misrepresent reality (Lucan, 2015). 
To illustrate, supermarkets/grocery stores were assumed to be ‘healthy’ because they provide a 
greater selection of more healthful items (e.g., fresh fruits and vegetables; lean meats; low fat 
milk; whole grain bread) compared to convenience stores and restaurants, such that more 
supermarkets should be associated with better eating habits; while convenience stores and fast 
food restaurants were assumed to be ‘unhealthy,’ such that greater exposure to convenience 
stores and fast food restaurants should be associated with poorer eating habits (Glanz, Sallis, 
Saelens, & Frank, 2007; Lee-Kwan et al., 2015; Pereira, Sidebottom, Boucher, Lindberg, & 
Werner, 2014). However, supermarkets also offer unhealthy packaged foods, snacks, and sugar-
sweetened beverages, and, convenience stores and fast food restaurants may offer healthy meal, 
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snack and beverage options (Moore et al., 2008; Caspi et al., 2012). And, workers inclined to 
choose healthy or unhealthy foods can access options in nearly all settings. Moreover, the greater 
the number of food outlets close by, the greater the likelihood workers will be able to find food 
outlets that offer healthy selections. As a result, the varied healthy and unhealthy options offered 
across all food outlet types may be obscuring the hypothesized relationships between food outlet 
density and eating habits. Other explanations for the mixed findings observed in this study could 
be attributable to demographic and socioeconomic factors, traveling behaviors, shopping 
behaviors, and preference for/avoidance of certain food outlet types (e.g., fast food restaurants). 
Lytle (2009) proposed that when access in the physical environment becomes less restrictive, 
eating behaviors become more dependent on the social environment as well as intra-individual 
factors. In fact, a recent study found that low-income shoppers were more likely to purchase 
healthy and unhealthy foods at full-service supermarkets than convenience stores or any other 
stores (Vaughan, Cohen, Ghosh-Dastidar, Hunter, & Dubowitz, 2016). In other words, while this 
study assumes food environments matter when it comes to eating habits, individual choice and 
preferences are likely to matter as well and these factors should be considered in future food 
environment studies.  
 With respect to commutes, I found that as commute distance increased, workers were 
exposed to more food outlets of all types; however, I did not find a relationship between 
increased exposure to food outlets on longer commutes and eating habits scores. For instance, I 
did not find an association between higher fast food restaurant density along commutes and 
poorer eating habits. Similarly, a study conducted in the UK by Burgoine and colleagues (2014) 
did not yield any relationship between take away food outlets along commutes and take away 
food intake. The lack of associations between exposures of food outlets along commutes and 
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eating habits suggests that other personal, behavioral, and economic determinants may be at play. 
When I consider the fact that almost all participants sampled traveled to work by car, it may be 
that workers are less inclined to access food opportunities along the midpoint of their commute 
journey and, instead concentrate more of their grocery shopping and convenience store and fast 
food restaurant visits closer to where they work and live – areas that are more familiar and 
convenient. Further investigations on food exposures along commutes are needed to enhance the 
evidence base of this understudied setting. Qualitative interviews and/or focus groups with child 
care workers would provide greater insight into their food decision-making and shopping 
practices throughout the day. 
 In this study, I observed urban-rural differences that are worthy of consideration. 
Assessing the total area alone (without stratifying by urban and rural status) would have masked 
the extent to which urban and rural landscapes characterized participants’ home and work 
settings, and how these settings were associated with eating habits. Over three-quarters (75.7%, 
n=483) of the sample lived and worked in urban settings. Research suggests that urban residents 
are more likely to consume fast foods and make use of table service restaurants than rural 
residents given more opportunities to do so (Binkley, 2006). Among urban residents, I observed 
the hypothesized positive relationship between eating habits and access to small grocery stores 
around homes; however, among urban workers, I found no associations between eating habits 
and access to food outlets around workplaces, despite the higher density of food outlets around 
workplaces compared to homes.  
 Rural residents face critical challenges in accessing healthy foods. Sharkey (2009) 
describes the rural food environment, noting that the consolidation of the retail food industry has 
led to fewer stores in rural areas, which means rural residents must travel further and spend more 
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for food. Also, rural residents are likely to rely more on convenience stores or smaller stores 
(Sharkey, 2009). Among rural workers, I found better eating habits were associated with more 
supermarkets, convenience stores, and limited-service restaurants around work, yet no such 
associations for food outlets around home among rural residents. This finding suggests that food 
environments around work may serve an important role in determining food access for rural 
workers. 
  Most of the associations that I tested did not reach statistical significance, which is 
consistent with Black and colleagues’ (2014) review paper that found a majority of food 
environment and diet studies reported no significant associations. This review included 42 
articles investigating neighborhood food environment exposures and dietary outcomes and found 
that among food outlet density findings, 27% support the association between the density of 
supermarkets/grocery stores and better dietary outcomes, while 22% of density findings support 
the association between the density of fast food outlets and convenience stores and poorer dietary 
outcomes (Black et al., 2014).  Thus, while there is some evidence confirming associations in 
expected directions (i.e., higher supermarket density and better dietary outcomes; higher 
convenience store and fast food outlet density and poorer dietary outcomes), the majority of 
studies included in this review paper reported no associations. My results corroborate this trend.  
 
Practice and Policy Implications 
Given that workplace neighborhoods yield higher food outlet exposures compared to 
residential neighborhoods, this study adds knowledge to inform worksite-based health promotion 
interventions, policies, and environmental supports that encourage workers to eat healthy at work 
and choose healthy food options around their work and along their commute. For example, child 
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care center-level environmental supports (e.g., refrigerator; kitchen appliances) can facilitate 
healthy eating and healthy choices, by encouraging workers to bring a healthy meal from home, 
store in the refrigerator, and heat up later, rather than stopping by a fast food restaurant during 
lunch/break. In this sample, over half (56.0%) of staff members packed lunch from home as their 
primary source of food daily, and their eating habits scores averaged 9.8, compared to the mean 
eating habits score of 8.2 for those who did not pack lunch from home. On the other hand, about 
forty percent of staff members frequented a local fast food restaurant and a quarter visited a 
convenience store as their primary source of food daily, and their eating habits scores were 
lower, averaging 8.3 and 7.9, respectively. While I was unable to determine the dietary quality of 
the food brought from home or from food purchased at fast food restaurants, these findings 
suggest that bringing food from home may help workers eat healthy and save time and money 
that they would spend procuring food at a nearby fast food restaurant or convenience store. 
Consequently, the food environment surrounding the workplace may matter more for workers 
who rely on nearby food outlets (e.g., do not bring their food from home on a daily basis), and 
especially among workers who reside in rural communities as discussed earlier. Workplace 
health promotion and education efforts could help workers choose healthy meal and snack 
options at fast food restaurants and convenience stores to ensure workers are eating healthy and 
role modeling healthy eating habits to children in their care.  Moreover, continued emphasis on 
selecting healthy food choices when one does pack a lunch or when visiting a fast food restaurant 
can have benefits for the worker and her family members (e.g., school-age children in the home 
who may also be packing a lunch with the same food choices). Additional research would be 
helpful for understanding these important dynamics in food choices and healthy eating outcomes. 
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Another area worthy of future research relates to the finding that child care centers were 
located in more food outlet dense areas compared to residential areas, and how the added 
exposure might affect the eating habits of children in care, and parents who may visit them. 
Researchers have assessed food environments around schools (D’Angelo et al., 2016; Williams 
et al., 2014), but have yet to investigate food outlet exposures around child care centers.   
In terms of environmental/policy interventions for increasing healthy food access and 
limiting unhealthy food access, the U.S. Department of Agriculture has identified and mapped 
food deserts (urban neighborhoods and rural towns without ready access to healthy and 
affordable food) and has invested in initiatives that establish supermarkets/grocery store/produce 
retailers in these high priority areas (CDC, 2017e). However, the “build it, and they will come” 
approach may not hold true in all places. Making sure healthy food options are available in 
places where people already shop, whether it be small grocery stores or convenience stores, may 
be a better solution for improving eating habits and community health (Gordon-Larsen, 2014). 
Interventions in small food stores, including increasing the availability of produce and other 
healthier foods and point-of-purchase promotions, have demonstrated improvements in healthy 
food access across urban and rural communities (Gittelsohn, Rowan, & Gadhoke, 2014). The 
finding that the greater the number of food outlets, the better the eating habits, seems to 
challenge the prevailing characterization of supermarkets and grocery stores as “healthy” and 
convenience stores and fast food outlets as “unhealthy.” Indeed, healthy and unhealthy options 
are available across all food outlet types, and public health promotion efforts should focus on 
helping people make healthy food choices in all settings. More food environment research that 
extends beyond residential neighborhoods along with assessments of shopping behaviors and 
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food preferences are needed to provide a stronger evidence base linking food outlet distribution 
and eating habits, obesity risk, and other health outcomes.  
 
Strengths and Limitations  
 This study has numerous strengths. First, this study examines spatial access to food 
exposures across multiple settings among workers, while other studies have concentrated on the 
home environment. Second, low-wage, high-risk child care workers have yet to be studied in the 
food environment literature, and this study offers insights into the workforce using a large 
sample of child care workers living and working in urban and rural areas of North Carolina. I 
sampled a largely female, low income, and diverse group of workers, consistent with that of the 
larger child care workforce in North Carolina and the U.S. (U.S. Bureau of Labor Statistics, 
2017). Child care workers represent a high priority population at risk for obesity and chronic 
disease conditions. Nearly two-thirds of participants (64.3%) were obese, compared to 40.4% of 
adult women in the U.S. (Flegal et al., 2016), which is consistent with other studies involving 
child care providers (Sharma et al., 2013; Whitaker et al., 2013). For a low-wage working 
population that is already at-risk for poor health, this is particularly concerning because obesity 
heightens the risk of many severe chronic disease and health conditions, including hypertension, 
Type 2 diabetes, and cardiovascular disease (NHLBI, 2013). Understanding upstream food 
environment determinants that affect child care workers’ eating habits can reveal potential 
leverage points for improving their eating habits and reducing their risks of obesity and 
cardiovascular diseases.  
 Thirdly, I developed an eating habits score with items that were slightly adapted from 
two validated instruments: Dietary Screener Questionnaire (Thompson et al., 2004; Thompson et 
al., 2005) and the Diet History Questionnaire (Block et al., 1990). Including both healthy and 
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unhealthy items into a scoring system provides a more comprehensive picture of eating habits, 
compared to assessing a single dietary outcome alone (e.g., vegetable intake) – a common 
approach in the food environment literature (Kirkpatrick et al., 2014). Scoring criteria were 
broadly based on dietary guidelines, which encourage the consumption of healthy foods (e.g., 
fruits, vegetables), and limit the consumption of unhealthy foods (e.g., sweets) (ODPHP, 2016). I 
was able to demonstrate face, content, and construct validity of this measure.   
Lastly, food environment exposures were measured using both radial and road network 
buffers at 1 and 5 mile scales, while previous studies have relied mostly on radial buffers at one 
particular scale. Using exact work and home addresses allowed me to better approximate 
participants’ exposures around these locations, compared to administrative areas, such as block 
groups, census tracts, or zip codes. The use of multiple scales and buffer methods is necessary to 
advancing measurement methodology in this field by answering ‘which buffer method is 
preferred/most appropriate?’ and ‘at what distance from home/workplace most affects eating 
habits?’ and ‘do spatial patterns vary by scale?’ I conducted descriptive and regression analyses 
across two spatial scales and two buffer methods due to the lack of consistency on a ‘gold 
standard’ buffer method in the literature. Findings were similar across these methods, though 
further research is needed to corroborate this finding among other populations and in other 
settings. Finally, findings varied by urban vs. rural geographies and shed light on the importance 
of understanding and addressing urban-rural disparities in food access.  
 This study has several limitations. First, like most of the food environment literature, this 
study employs a cross-sectional design, so causality between environmental factors and eating 
habits cannot be determined. Despite accounting for control variables, there may be unmeasured 
variables, such as participants’ perceptions of food environments that would further explain 
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associations. It also should be noted that multiple comparisons (testing) may have resulted in the 
potential for type 1 error. Second, it is important to note that the spatial access measures/methods 
used in this study are proxies for potential access (availability/geographic distribution) to food 
resources, instead of realized access (actual use) (Sharkey, 2009). Moreover, the commute path 
was modeled as the shortest (road) path between home and work locations, as used by other 
researchers (Burgoine et al., 2015; Dalton et al., 2015); but workers’ true commute is unknown. 
For example, workers may drop off their children at school, and visit other locations before 
arriving to work, while being exposed to food landscapes along the way. Future research should 
consider harnessing GPS tracking technologies for greater insight into travel behavior within and 
around food environments. And, while I focused on an understudied population, the sample of 
child care workers was mostly women, so it is possible that results might have differed for men 
or if the sample was more mixed.  
 The Eating Habits Score developed for this study has several limitations worth noting. 
Firstly, like other self-reported dietary measures, data may be susceptible to under- or over-
reporting and social desirability bias (Subar et al., 2015). However, the Dietary Screener 
Questionnaire, from which these items are derived, demonstrated high correlations with 
estimated intakes from dietary recalls (Thompson et al., 2004). Secondly, criterion validity 
(comparison with gold standard measurement) could not be assessed because 24-hour dietary 
recalls or direct dietary observations were not administered with this sample. Moreover, quantity 
of food intake (i.e., portion size) was not assessed; so, I was unable to determine number of 
servings and/or estimated caloric intake to more closely align cut-off points to dietary guidelines. 
Lastly, this assessment is validated among a sample of child care providers in North Carolina 
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who are predominantly female and of lower socioeconomic status. Future work should assess the 
validity of this instrument in other populations and geographic areas. 
 Another potential limitation is the inability to confirm a complete list of food outlets 
among various settings. ReferenceUSA has been shown to be a valid source with high 
percentage agreement with on-site verification, as well as high sensitivity, positive predictive 
value, and concordance (Fleischhacker et al., 2013). These data were cleaned and verified 
thoroughly via internet searches, and online resources, such as Google Earth, to ensure a 
complete and accurate inventory of nearby food outlets. Moreover, while this study focused on 
the primary types/locations for food procurement, I acknowledge that future research should 
investigate eating habits and access to other food retailers, such as farmer’s markets, dollar 
stores, pharmacies, warehouse clubs/supercenters, and food pantries (Sharkey, 2009). In 
addition, future investigations ought to consider paradigm shifts within the food environment 
landscape, namely, the emergence of online grocery shopping and delivery, meal-kit delivery 
(e.g., Blue Apron), food delivery (e.g., Grub Hub), and food trucks.  
 Another limitation concerns residential self-selection bias, the notion that the impact of 
the food environment may vary among those individuals who had the economic resources and/or 
opportunity to move into a neighborhood with more healthy food options versus those 
individuals who had limited choice in their neighborhood (Gordon-Larsen, 2014; Lake & 
Townshend, 2006; Lytle, 2009). Similarly, self-selection occurs when individuals with greater 
agency (e.g., transportation, resources, time, etc.) are able to circumvent food access issues and 
seek food outlets whenever and wherever at their discretion, while those individuals with limited 
resources have no choice but to rely on food outlets near home/work (Zenk et al., 2011). Self-
selection bias remains when using cross-sectional study designs. However, adjusting for 
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potential confounders, as I did in this study, is one way to at least partially alleviate this 
limitation (Ding & Gebel, 2012).  
 
Conclusion 
 This study contributes new knowledge to help us understand how food exposures across 
multiple settings (home, workplace, commute) may influence the eating habits of child care 
workers, a particularly high-risk, low-wage, and remarkably understudied group of workers. 
Results revealed heightened exposures to food outlets around workplaces (vs. homes), in urban 
(vs. rural) areas, and as commute distances increased. Significant associations were observed 
between spatial access to food outlets and eating habits scores, such that the higher the food 
outlet density, the better the eating habits, across all food outlet types. Findings were expected 
for supermarkets/grocery stores, whereby greater access to supermarkets/grocery stores were 
associated with healthier eating habits, but unexpected for convenience stores and fast food 
restaurants, whereby greater access to these food outlets were also associated with healthier 
eating habits. Among rural workers, greater access to supermarkets, convenience stores, and 
limited-service restaurants around work was associated with better eating habits, while for urban 
residents, spatial access to grocery stores around home was associated with better eating habits. 
Access to food outlets along commutes was unrelated to eating habits – a finding that suggests 
that food outlets located around work and/or home may be more accessible, convenient, and 
preferred among workers. This research fills a critical gap in the literature by uncovering spatial 
variation in food outlet exposures across child care workers’ home, workplace, and commute 
settings and by urban-rural geographies, as well as the extent to which food environments shape 
child care workers’ eating habits. Given that over 1.3 million child care workers are directly 
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involved in the care of children, understanding child care workers’ access to healthy food options 
and then improving eating habits is crucial to advancing health among this group of workers, 
and, may influence the health of children in their care.   
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CHAPTER 5. STUDY TWO: MODERATING EFFECTS OF SELF-EFFICACY FOR 
HEALTHY EATING AND HOME AND WORKPLACE CENSUS TRACT-LEVEL 
POVERTY ON ASSOCIATIONS BETWEEN WORKERS’ EATING HABITS AND 
SPATIAL ACCESS TO FOOD OUTLETS AROUND WORKERS’ HOMES, 
WORKPLACES, AND ALONG COMMUTES 
 
Introduction   
 Food environment research has focused on understanding associations between spatial 
access to food outlets and diet. However, few studies have explored individual and contextual 
factors that may moderate relationships between food environments and eating habits (Feng et 
al., 2010; Fuller, Engler-Stringer, & Muhajarine, 2016; Leal & Chaix, 2011). Given that 
disparities in obesity and chronic disease disproportionally affect low-income and racial and 
ethnic minority populations (Giskes, van Lenthe, Avendano-Pabon, & Brug, 2011; Wang & 
Beydoun, 2007), a better understanding of moderating factors is critical to identifying 
vulnerabilities among subpopulations, i.e., for whom and under what conditions food 
environments and dietary risk for chronic disease are associated (Lovasi, Hutson, Guerra, & 
Neckerman, 2009).  
  Consistent with the social ecological framework, an array of determinants operates and 
interacts at individual, interpersonal, organizational, community, and public policy levels to 
influence eating habits (McLeroy et al., 1988; Stokols 1992; Stokols et al., 1996). The Social 
Cognitive Theory (SCT) emphasizes the notion of “reciprocal determinism,” which posits that 
behavior, personal factors (sociodemographic characteristics and psychosocial factors), and 
environmental factors influence and are influenced by one another (Bandura, 1986). While 
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several studies have explored the moderating role of sociodemographic factors, such as race 
(Morland et al., 2002), on associations between food environments and eating habits, very few 
studies have explored moderation by psychosocial factors, including one study assessing the 
moderating role of diet knowledge (Mercille et al., 2016) and another on reward sensitivity 
(Paquet et al., 2010). Dietary self-efficacy (i.e., a belief in one’s ability to eat healthy) is another 
psychosocial factor that could explain differential associations between food environments and 
eating habits. This SCT construct has been shown to be a strong predictor of healthy eating (de 
Ridder, Kroese, Evers, Adriaanse, & Gillebaart, 2017), such that individuals with higher levels 
of self-efficacy for healthy eating are more likely to eat healthy by overcoming barriers to 
healthy eating than individuals with lower levels of self-efficacy (Bandura, 2004; Baranowski et 
al., 1999; de Ridder et al., 2017; McAlister et al., 2008; Trapp et al., 2015). Thus, the association 
between food environments and eating habits would presumably vary by one’s level of self-
efficacy to eat healthy foods. Community-level factors, such as area-level deprivation, may also 
play a moderating role in determining associations between access to food outlets and eating 
habits (Ball et al., 2010; Diez Roux & Mair, 2010; Dharmasena, Bessler, & Capps, 2016; 
Gelormino, Melis, Marietta, & Costa, 2015; Sherman, Spencer, Preisser, Gesler, & Arcury; 
2005). In fact, research has found that individuals living in low-income neighborhoods tend to 
have poorer access to supermarkets and greater access to fast food outlets (Bernard et al., 2007; 
Black et al., 2014; Feng et al., 2010; Larson, Story, & Nelson, 2009), while individuals in high-
income neighborhoods tend to have greater access to supermarkets, convenience stores, and a 
wide variety of foods (Popkin et al., 2005). Area-level poverty may alter or affect the degree to 
which individuals interact with and within their local food environments, such that individuals in 
higher income areas may have greater agency (e.g., time, resources, transportation) to acquire 
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food at their discretion anywhere anytime, while individuals in lower resource areas may depend 
on food resources that are located nearby (Feng et al., 2010; Zenk et al., 2011). Consequently, 
the food environment would potentially exert a stronger influence on the eating habits of 
individuals in lower-income communities.   
In this study, I aimed to assess whether varying levels of self-efficacy for healthy eating 
as well as home and workplace census tract-level poverty alter associations between spatial 
access to food outlets and eating habits among child care workers, an understudied, yet 
particularly vulnerable, low-wage working population at heightened risks for obesity and chronic 
diseases (Linnan et al., 2017; Sharma et al., 2013; Whitaker et al., 2013). Specifically, I examine 
these potential moderators on relationships between child care workers’ spatial access to (i.e., 
density of) supermarkets/grocery stores, convenience stores, and fast food restaurants around 
home, work, and along commutes, and their eating habits (based on “eating habits score” 
developed for this study). I focus on a sample of 638 child care workers, enrolled in the CAring 
and REaching for Health (CARE) study, a large cluster-randomized worksite wellness trial in 
North Carolina  (R01HL119568, Ward & Linnan, Multiple Co-Is) (Clinical Trials Registration 
Database # NCT02381938). 
Given that produce and other healthy items are readily available at supermarkets/grocery 
stores, while less healthy, convenience foods are plentiful at convenience stores and fast food 
restaurants, I hypothesize that greater self-efficacy for healthy eating will enhance the 
relationship between supermarket/grocery store density (around home, workplace, commutes) 
and eating habits and buffer relationships between convenience store and fast food restaurant 
densities (around home, workplace, commutes) and eating habits. Since more fruits and 
vegetables are available in full service grocery stores, higher self-efficacy may suggest that 
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people have more confidence in their ability to prepare fresh fruits and vegetables.  With respect 
to home and workplace census tract-level poverty, I hypothesize that the relationship between 
convenience store and fast food restaurant densities and eating habits will be stronger among 
workers living in and/or working in higher poverty areas. Consistent with the “deprivation 
amplification” hypothesis set forth by Macintyre (2007), child care workers living and working 
in poorer neighborhoods may be doubly disadvantaged with respect to accessing 
healthy/unhealthy foods compared to those living and working in more affluent neighborhoods. 
Moreover, I expect the relationship between supermarket/grocery store density and eating habits 
will be weaker among workers living in and/or working in higher poverty areas. These 
hypotheses are outlined below in further detail for the purposes of this dissertation. 
 
Hypotheses 
Moderating Effects of Self-Efficacy on Healthy Eating on the Relationship between Spatial 
Access to Food Outlets and Eating Habits  
Hypothesis 2a: The relationship between supermarket/grocery stores density and eating habits 
of child care workers will vary by self-efficacy for healthy eating such that the relationship 
between supermarket/grocery store density and healthier eating habits will be stronger for 
participants with greater self-efficacy for healthy eating compared with those with lower self-
efficacy.    
Hypothesis 2b: The relationship between convenience store density and eating habits of child 
care workers will vary by self-efficacy for healthy eating such that the relationship between 
convenience store density and poorer eating habits will be weaker among participants with 
greater self-efficacy for healthy eating compared with those with lower self-efficacy.    
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Hypotheses 2c: The relationship between limited-service (“fast food”) restaurant density and 
eating habits of child care workers will vary by self-efficacy for healthy eating such that the 
relationship between fast food restaurant density and poorer eating habits will be weaker among 
participants with greater self-efficacy for healthy eating compared with those with lower self-
efficacy.    
 
Moderating Effects of Home and Workplace Census Tract-level Poverty on the Relationship 
between Spatial Access to Food Outlets and Eating Habits  
Hypothesis 3a: The relationship between supermarket/grocery stores density and eating habits 
of child care workers will vary by census tract-level poverty, such that the relationship between 
supermarket/grocery store density and healthier eating habits will be weaker among participants 
living in and/or working in higher poverty areas compared with those in lower poverty areas. 
Hypothesis 3b: The relationship between convenience store density and eating habits of child 
care workers will vary by census tract-level poverty, such that the relationship between 
convenience store density and poorer eating habits will be stronger for participants living in 
and/or working in higher poverty areas compared with those in lower poverty areas. 
Hypothesis 3c: The relationship between limited-service (“fast food”) restaurant density and 
eating habits of child care workers will vary by census tract-level poverty, such that the 
relationship between fast food restaurant density and poorer eating habits will be stronger among 
participants living in and/or working in higher poverty areas compared with those in lower 
poverty areas. 
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Methods 
This cross-sectional study uses baseline data from the CARE study, a cluster-randomized 
trial conducted in child care centers in North Carolina to test the efficacy of a worksite wellness 
intervention aimed at improving health behaviors among child care workers. Child care center 
recruitment took place in seven counties with urban and rural, moderate to low income, and 
similar racial and ethnic populations compared to the state (see Figure 4.1 for a map of the study 
area). Baseline assessments took place between 2015 and 2016 over the course of four waves of 
recruitment.  
 At baseline and prior to randomization, participants completed the Carolina Health 
Assessment & Risk Tool (CHART), an online survey assessing socio-demographics, health 
behaviors (physical activity, diet, etc.), psychosocial factors related to health behaviors, as well 
as participation and interest in worksite wellness efforts at the center. Data cleaning first 
involved detection of missing data, typing errors in data entry, coding errors, outliers, and 
measurement errors, followed by correction of these errors.  The study was conducted with 
approval from the University of North Carolina – Chapel Hill Institutional Review Board. 
Written informed consent was obtained from each participant. Details about the methodology 
and protocols of the CARE study have been described elsewhere (manuscript under review).  
 
Dependent Variable 
 Eating habits were assessed using baseline food frequency items from the Dietary 
Screener Questionnaire, (Thompson et al., 2004; Thompson et al., 2005), which was used in the 
2009-2010 National Health and Nutrition Examination Survey (CDC, 2017c), and the Diet 
History Questionnaire (Block et al., 1990). Ten items reflecting healthy and unhealthy foods 
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were selected to create an overall “Eating Habits Score”: (1) fruit; (2) beans, peas, legumes; (3) 
other vegetables; (4) whole grains; (5) red meat; (6) cold cuts, luncheon meats, other deli-style 
meats; (7) sweetened fruit drinks, coffee, tea, sports energy drinks, regular soda/pop; (8) sweets; 
(9) salty snacks; (10) prepared foods (see Table 4.1). Scoring criteria were broadly based on 
dietary guidelines. For items 1-4 (fruit, legumes, other vegetables, and whole grains), higher 
scores were applied to daily intake of those items (DeSalvo et al., 2016; ODPHP, 2016); for 
items 5-10 (red meat, cold cuts and luncheon meats, sugar-sweetened beverages, sweets, salty 
snacks, and prepared foods), higher scores were applied to less frequent intake (once a week or 
less often) (note: dietary guidelines recommend limited intake of these items, but do not specify 
frequency with which to consume/avoid these items). A score of “2” was applied if the frequency 
response was “meeting recommendations,” a score of 1 if the response was “partially meeting 
recommendations,” while a score of “0” was applied if the response was “not meeting 
recommendations” (shown in Table 4.1). Scores across items were summed to create a total 
“Eating Habits Score,” ranging from 0 to 20, with a higher eating habits score reflecting healthier 
eating habits that align more closely with dietary guidelines. Among the 638 participants, the 
average eating habits score was 9.3 (SD: 3.4). Scores were normally distributed (eating habits 
score distribution shown in Figure 4.2). Trapp and colleagues (2015) took a similar approach in 
developing their dietary quality measures.  
 Content and face validity of the scoring system were assessed and approved by nutrition 
experts who were part of this study (Drs. Lytle, Ward, Linnan). Construct validity was 
demonstrated by Pearson correlation coefficient between eating habits scores and obesity-related 
markers: 1) waist circumference and 2) BMI.  Trained research assistants conducted the 
following physical measurements: 1) height (in.) using a Shorr measuring board (Shorr 
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Productions, Olney, MD, USA), 2) weight (lb.) measured with Seca model 874 portable 
electronic scale (Seca Corporation, Columbia, MD, USA), and 3) waist circumference (cm.) 
measured with a Gulick II (Patterson Medical, Warrenville, IL, USA) measuring tape. Standard 
measurement protocols were followed (NHANES, 2007; Pickering et al., 2005). Measured 
height and weight were used to calculate body mass index (BMI) and weight status (underweight 
= BMI < 18.5; normal weight = BMI 18.5–24.9; overweight = BMI 25.0–29.9; obese = BMI > 
30.0). As expected, healthier eating habits were negatively associated with waist circumference 
(-0.11; p=0.006) and BMI (-0.08; p=0.034). Thus, the eating habits score has acceptable 
construct, content, and face validity for use in this study. 
 
Independent Variables 
 The independent variables that were examined included the following spatial access 
measures: density of supermarkets/large grocery stores and small grocery stores; 
convenience stores; and limited-service “fast food” restaurants) within 5 road network miles 
of workers’ home and workplace, and along commute. Participant home and center addresses 
were verified, cleaned (e.g., fix misspelling errors), geocoded by latitude and longitude 
coordinates, and mapped within ArcGIS geographic information systems software (version 
10.2.1). 
 Food outlet data for the study area were gathered from ReferenceUSA, 
(www.referenceusa.com) a comprehensive online database of U.S. facilities and businesses 
searchable by geography, business type, business size, and other data fields. When compared 
with on-site verification, ReferenceUSA and other commercial resources demonstrate 
acceptable-to-excellent (0.65 to 0.86) percentage agreement with on-site verification, moderate-
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to-excellent sensitivity (0.60 to 0.96), good-to-excellent positive predictive value (0.70 to 0.94), 
and excellent concordance (0.94) (Fleischhacker et al., 2013). North American Industry 
Classification System (NAICS) codes were used to generate a comprehensive listing of 
supermarkets and grocery stores (445110); convenience stores (445120); and limited-service 
(“fast food”) restaurants (722513) within the study area (see Table 4.2). Data were cleaned 
thoroughly to identify and remove duplicate and miscategorized food outlets, and were validated 
with GoogleEarth, Google searches, and food outlet websites.  
 Supermarkets and grocery stores were categorized into: 1) supermarkets/large grocery 
stores, and 2) small grocery stores, based on definitions used in the literature (Cobb et al., 2015), 
and at the Food Marketing Institute (www.fmi.org) and the Center for Disease Control and 
Prevention (2017d). Supermarkets/large grocery stores comprised grocery stores earning annual 
sales greater than $2 million, and employing 10 employees or more. These stores offer the 
greatest selection of produce, meat, and other food products compared to smaller retail food 
stores. Small grocery stores comprised stores that did not meet the supermarket/large grocery 
store definition. Limited-service (“fast food”) restaurants encompassed locations where patrons 
order low-cost and quickly prepared/served foods and pay before eating. National and local fast 
food franchises/chains were included in this category. Full-service restaurants, where patrons 
order and are served while seated and pay after eating, were identified by internet searches, 
restaurant websites, and review websites, and subsequently removed from the final limited-
service restaurant dataset. 
 Within ArcGIS, food outlet layers were overlayed and merged with center and home 
spatial layers to create road network buffers around home and workplace addresses at 5 miles 
(8000 meters), and then deriving density measures from the total counts of food outlets within 
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these buffers (see Figure 4.3). Five miles represents a “drivable distance,” and has been used 
previously in food environment studies conducted in both rural (Sharkey et al., 2009) and urban 
areas (Reitzel et al., 2016). A study by Liu and colleagues (2015) found 5 mile buffers around 
homes covered 80% of all food establishments, 82% fast food/convenience stores, and 84% of 
grocery stores/supermarkets visited by study participants.  
 To evaluate food exposures along commutes, commute path buffers were drawn at a 200 
meter-width (0.124 mile) along the shortest street network path between home and work 
addresses (Badland et al., 2008; Wong et al., 2011) (see Figure 4.4). This modeling approach 
represents an acceptable proxy for routes taken by commuters (Burgoine et al., 2015; Burgoine 
& Monsivais, 2013; Dalton et al., 2015). In ArcGIS, food outlet layers were overlayed and 
merged with the commute spatial layer to calculate density measures from the total counts of 
food outlets within commute buffers. Resulting datasets were exported as Excel spreadsheets and 
imported into SAS software for descriptive and regression analyses.  
 
Moderator Variables 
 Self-Efficacy for Healthy Eating (Individual-level Moderator). In this study, using a 
previously constructed self-efficacy measure by Emmons, Linnan, Shadel, Marcus & Abrams 
(1999), self-efficacy for healthy eating was assessed via a single item asking participants “How 
confident are you that you can eat healthy foods?” with the following response options: 1 = Not 
at all confident; 2 = Slightly confident; 3 = Moderately confident; 4 = Very confident; 5 = 
Extremely confident. Due to few participants reporting not at all confident; I re-categorized 
response options by combining not at all confident and slightly confident. Self-efficacy for 
healthy eating (dichotomized into 1= moderately/very/extremely confident; 0=not at all/slightly 
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confident) was positively correlated with eating habits scores, such that having greater self-
efficacy was associated with better eating habits (β=0.139, p=0.000).  
 Home and Workplace Census Tract-Level Poverty (Community-level Moderator). Census 
tract-level poverty was defined as the percent of working adults, aged 18-64 years old, living in 
poverty within census tracts (obtained from the American Community Survey 2015, 5-year 
estimates) where participants lived and worked. Home and workplace census tract poverty levels 
were categorized as: “low poverty” (<10% of households living in poverty); “medium poverty” 
(10% < x < 19.99% of households living in poverty); “high poverty” (>20% of households living 
in poverty) (Bower, Thorpe, Rohde, & Gaskin, 2014).  
 
Participant Characteristics  
 Participants reported on the following socio-demographic characteristics: age, gender, 
race, Hispanic ethnicity, highest level of education, annual household income, marital status, 
household composition (# of adults, # youth in home), mode of transportation to work, role/job 
position at the center, and insurance status (see Table 4.3 for the response categories used to 
define these variables). Potential covariates related to eating habits were identified based on 
empirical evidence from the literature (Furst et al., 1996; Kelly et al., 2016). Research has shown 
that away-from-home eating declines with age (Binkley, 2006); women tend to have better diets 
than men (Hiza, Casavale, Guenther, & Davis, 2013; Wang et al., 2014); African American 
adults are more likely to fall short of meeting dietary recommendations compared to non-
Hispanic whites (Kirkpatrick, Dodd, Reedy, & Krebs-Smith, 2012); married people are more 
likely to have higher fruit and vegetable intakes than single individuals; higher educated 
individuals tend to consume more fruits, vegetables, and whole grains compared to lower 
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educated individuals (Hiza et al., 2013); and diet is a behavioral risk factor for obesity 
(Mozaffarian, Hao, Rimm, Willett, & Hu, 2011). Specifically, I assessed age, gender, race 
(African American or other), marital status (married/living with a partner or not), highest level of 
education (Bachelor’s degree/more or less), and obesity weight status (based on BMI) for 
inclusion in the adjusted model.   
 
Analyses 
Descriptive Analyses 
 Descriptive analyses were conducted to examine: 1) participant socio-demographics and 
health characteristics (Table 4.3), 2) food outlet density (i.e., number of food outlets within each 
buffer) around workers’ home, workplace, and commute (Tables 4.5-4.7). Statistical significance 
was assessed at alpha level=0.05. Analyses were conducted using SAS software 9.4 (SAS 
Institute Inc., Cary, NC, USA). 
 
Moderation Analyses  
 To account for the clustered design of the CARE study (i.e., potential clustering of 
workers within child care centers), I used Generalized Estimating Equations (GEEs) (Hanley et 
al., 2003; Hubbard et al., 2010) to assess associations between spatial access to food outlets 
within settings and eating habits. PROC GENMOD in SAS with appropriate distribution 
(dist=normal for continuous dependent variable) and link (link=identity for continuous 
dependent variable) functions were used to model continuous food outlet densities around 
workers’ home, workplace, and commute, and self-reported eating habits. Type III Wald 2 tests 
were used to test the significance of predictors in the GEE models. Testing for moderation 
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involved estimating a regression model with an interaction term between the independent 
variable and the moderator, testing for significance of the interaction term, and parameter 
estimates and standard errors for the effect of the independent variable on the dependent variable 
at various levels of the moderator (Hayes, 2013).  
 Interaction effects were tested across levels of each moderator. Reference categories 
were: “not at all confident/slightly confident” for self-efficacy for healthy eating and “low 
poverty” census tracts. 
 
Results 
Sample 
Across all four waves during 2015-2016, a total of 704 child care workers at 74 child care 
centers consented and participated in baseline assessments (prior to randomization). Of the 704 
workers, 66 were excluded due to missing home address or CHART data, yielding a final 
analytic sample of 638 workers from 73 centers for the present study. No more than 10% of data 
were missing for each variable of interest. 
 
Descriptive Statistics: Sample 
Baseline participant socio-demographic and health characteristics (n=638) are presented 
in Table 4.3. The sample was predominantly female (n=621, 97.3%) and around 40 years old 
(+13.0). Most participants were African American (n=341, 55.0%), followed by Caucasian 
(n=234, 37.7%) and 36 participants (5.6%) self-reported Hispanic ethnicity. Over half of 
participants (n=332, 52.0%) were married/living with a partner, and mean household size was 
3.3 (+1.7) people. A total of 261 participants (40.9%) reported annual household incomes of 
$20,000 or less (the federal poverty level for a household of three: $20,420) (U.S. Department of 
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Health & Human Services, 2017). Almost all participants traveled to work by automobile either 
as a driver (n=588, 92.2%) or passenger (n=36, 5.6%). About three-quarters (n=482, 75.6%) of 
the sample had health insurance.  In terms of health characteristics, mean BMI was 34.2 (+9.0), 
with most participants classifying as obese (n=410, 64.3%). Mean waist circumference was 
105.9 (+18.4) centimeters (waist circumference among women >88 cm indicates high risk for 
chronic disease) (NHLBI, 2017b) (Table 4.3).  
 
 
Descriptive Results: Food Outlet Coverage in Work, Home, and Commute Settings 
 Spatial Access to Food Outlets around Work. Table 4.5 presents food outlet densities 
within 5 road network miles of work for all child care centers (n=73). Nearly all centers were 
located within 5 miles of at least one supermarket (97.3%, n=71) and small grocery store (91.8%, 
n=67), while all were located within 5 miles of a convenience store (100.0%, n=73) and fast food 
restaurant (100.0%, n=73). On average, about nine supermarkets, eight small grocery stores, 24 
convenience stores, and 49 fast food restaurants were located within 5 miles of child care centers 
(Table 4.5).  
 Spatial Access to Food Outlets around Home. Table 4.6 presents food outlet densities 
within 5 road network miles of home for participants (n=638). Nearly all participants lived 
within 5 miles of at least one supermarket (89.2%, n=569), small grocery store (88.7%, n=566), 
convenience store (96.6%, n=610), and fast food restaurant (91.4%, n=583). On average, about 
seven supermarkets, six small grocery stores, 18 convenience stores, and 38 fast food restaurants 
were located within 5 miles of homes (Table 4.6).  
 Spatial Access to Food Outlets along Commute. Table 4.7 presents food outlet densities 
along commutes for 636 participants (n=2 were excluded because they lived and worked at the 
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same location). On average, workers traveled 7.9 miles (SD=7.1; Min=0.1; Max=74.6) from 
home to work, or about 15.2 minutes to arrive to work (SD=11.6; Min=0.2; Max=115.0).  Along 
commuter paths buffered at 200 meters, participants were exposed, on average, to one 
supermarket, one small grocery store, three conveniences stores, and six fast food restaurants 
(Table 4.7). As shown in Figure 4.5, a positive relationship was observed between commute 
distance (stratified into tertiles) and average number of food outlets along the commute path, 
whereby, as commute distance increased, the number of food outlets increased.  
 Comparing Food Outlet Coverage around 5 miles from Work vs. Home. Using a 5-mile 
road network density measure, statistically significant differences between food outlet exposures 
in home and work settings were noted for all food outlet types among the total sample, whereby 
more food outlets were located around workplaces than homes (Table 4.8). 
 
Moderators 
 Self-Efficacy for Healthy Eating. In terms of self-efficacy for healthy eating, 19.6% 
(n=125) reporting being not at all confident/slightly confident; 32.6% (n=208) were moderately 
confident; 30.7% (n=196) were very confident; and 17.1% (n=109) were extremely confident in 
their ability to eat healthy.  
 Home and Workplace Census Tract-level Poverty. According to census tract-level 
poverty data for home census tracts, of the 638 participants sampled, 15.9% (n=102) lived in low 
poverty census tracts, 48.4% (n=309) lived in medium poverty areas, and 35.6% (n=227) lived in 
high poverty areas. In terms of workplace census tracts, 17.4% (n=111) worked in low poverty 
census tracts, 34.0% (n=217) worked in medium poverty areas, and 48.6% (n=310) worked in 
high poverty areas.  
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Moderation Analyses Results 
 Results are presented for unadjusted (null) and adjusted models for each moderator. 
Potential covariates with the dependent variable (eating habits score) were tested for inclusion in 
the adjusted model (see covariates outlined in measures section). Statistically significant 
correlations were found between eating habits scores and age (0.128; p=0.001), education (0.092; 
p=0.020), and obesity status (-0.115; p=0.004), such that being older and having more education 
were correlated with better eating habits scores, while being obese was correlated with lower 
eating habits scores; thus, age, education, and obesity status were controlled for in the adjusted 
model. 
 Self-Efficacy for Healthy Eating. Table 5.1 shows the unadjusted results for the 
moderating effects of self-efficacy for healthy eating on the relationship between spatial access 
to food outlets and eating habits. As expected for small grocery stores (Hypothesis 2a), spatial 
access to small grocery stores around work and eating habits were positively associated and 
varied by self-efficacy for healthy eating, such that higher food outlet density around work was 
associated with healthier eating habits among participants who were ‘moderately/very/extremely 
confident’ in eating healthy (β=0.072, p=0.040) (Table 5.1). However, this result was no longer 
statistically significant after adjusting for age, education, and obesity status (Table 5.2). As 
shown in the unadjusted model (Table 5.1), spatial access to convenience stores and fast food 
restaurants along commutes and eating habits were associated and varied by self-efficacy for 
healthy eating, whereby higher convenience store (β=0.278, p=0.004) and fast food restaurant 
density (β=0.101, p=0.009) along commutes were associated with healthier eating habits among 
participants who were ‘moderately/very/extremely confident’ in eating healthy. Results remained 
statistically significant in the adjusted model for convenience stores (β=0.274, p=0.006) and fast 
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food restaurants (β=0.100, p=0.010) (Table 5.2). No interactions were observed between spatial 
access measures of food outlets around home and self-efficacy for healthy eating (Tables 5.1, 
5.2). 
 Home and Workplace Census Tract-Level Poverty. Table 5.3 shows the unadjusted 
results for the moderating effects of census tract-level poverty on the relationship between spatial 
access to food outlets and eating habits. For home census tract-level poverty, spatial access to 
small grocery stores around home and eating habits were associated and varied by home census 
tract poverty levels, such that higher small grocery store density around home was associated 
with poorer eating habits for participants living in ‘medium poverty’ census tracts (β=-0.167, 
p=0.019), but not in high poverty census tracts. Results remained statistically significant in the 
adjusted model for medium poverty census tracts (β=-0.167, p=0.016) (Table 5.4). No 
interactions were observed between spatial access measures of food outlets around workplaces 
and workplace census tract level-poverty (Tables 5.3, 5.4). 
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Table 5.1: Moderating Effects of Self-Efficacy for Healthy Eating on Spatial Access to Food Outlets and Eating Habits Score, 
Unadjusted (n=638) 
 
Spatial Access 
Measure 
 Self-Efficacy Levels Supermarkets/ 
Large Grocery 
Stores 
Small Grocery 
Stores 
Convenience 
Stores 
Limited-Service 
Restaurants 
  β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work 
(n=638) 
     
 not at all /slightly 
confident (reference 
category) 
- - - - 
 moderately/very/ 
extremely confident 
0.087 (0.046) 
p=0.057 
0.072 (0.035) 
p=0.040* 
0.027 (0.017) 
p=0.114 
0.012 (0.009) 
p=0.160 
Around Home 
(n=638) 
     
 not at all /slightly 
(reference category) 
- - - - 
 moderately/very/ 
extremely confident 
0.095 (0.053) 
p=0.069 
0.054 (0.046) 
p=0.237 
0.008 (0.019) 
p=0.678 
0.010 (0.009) 
p=0.264 
Along 
Commute 
(n=636) 
     
 not at all /slightly 
confident (reference 
category)  
- - - - 
 moderately/very/ 
extremely confident 
0.294 (0.217) 
p=0.176 
0.336 (0.262) 
p=0.200 
0.278 (0.097) 
p=0.004* 
0.101 (0.038) 
p=0.009* 
*significant association (p<0.05)  
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Table 5.2: Moderating Effects of Self-Efficacy for Healthy Eating on Spatial Access to Food Outlets and Eating Habits Score, 
Adjusted for Covariates (n=638) 
 
Spatial Access 
Measure 
 Self-Efficacy Levels Supermarkets/ 
Large Grocery 
Stores 
Small Grocery 
Stores 
Convenience 
Stores 
Limited-Service 
Restaurants 
  β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work 
(n=638) 
     
 not at all /slightly 
confident (reference 
category) 
- - - - 
 moderately/very/ 
extremely confident 
0.088 (0.047) 
p=0.064 
0.067 (0.039) 
p=0.076 
0.022 (0.017) 
p=0.190 
0.011 (0.009) 
p=0.207 
Around Home 
(n=638) 
     
 not at all /slightly 
confident (reference 
category) 
- - - - 
 moderately/very/ 
extremely confident 
0.100 (0.052) 
p=0.053 
0.058 (0.048) 
p=0.229 
  0.005 (0.019) 
p=0.778 
0.011 (0.009) 
p=0.226 
Along 
Commute 
(n=636) 
     
 not at all /slightly 
confident (reference 
category) 
- - - - 
 moderately/very/ 
extremely confident 
0.266 (0.219) 
p=0.224 
0.279 (0.269) 
p=0.299 
0.274 (0.100) 
p=0.006* 
0.100 (0.039) 
p=0.010* 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status  
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Table 5.3: Moderating Effects of Census Tract-Level Poverty on Spatial Access to Food Outlets and Eating Habits Score, 
Unadjusted (n=638) 
 
Spatial Access 
Measure 
 Census Tract 
Poverty Levels 
Supermarkets/ 
Large Grocery 
Stores 
Small Grocery 
Stores 
Convenience 
Stores 
Limited-Service 
Restaurants 
  β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work 
(n=638) 
     
 Low poverty 
(reference category) 
- - - - 
 Medium poverty -0.009 (0.065) 
p=0.888 
-0.116 (0.096) 
p=0.223 
-0.011 (0.026) 
p=0.671 
-0.002 (0.011) 
p=0.846 
 High poverty 0.007 (0.063) 
p=0.914 
-0.074 (0.094) 
p=0.431 
0.002 (0.027) 
p=0.948 
0.004 (0.012) 
p=0.730 
Around Home 
(n=638) 
     
 Low poverty 
(reference category) 
- - - - 
 Medium poverty -0.059 (0.064) 
p=0.356 
-0.167 (0.071) 
p=0.019* 
-0.028 (0.019) 
p=0.145 
-0.011 (0.008) 
p=0.166 
 High poverty 0.010 (0.075) 
p=0.896 
-0.058 (0.064) 
p=0.364 
-0.007 (0.027) 
p=0.808 
-0.007 (0.011) 
p=0.546 
*significant association (p<0.05)  
Note: Analysis conducted for work and home locations based on home and work census tracts (commutes not analyzed) 
 
 
 
 
 
 
    
 
  
1
0
7
 
Table 5.4: Moderating Effects of Census Tract-Level Poverty on Spatial Access to Food Outlets and Eating Habits Score, 
Adjusted for Covariates (n=638) 
 
Spatial Access 
Measure 
 Census Tract 
Poverty Levels 
Supermarkets/ 
Large Grocery 
Stores 
Small Grocery 
Stores 
Convenience 
Stores 
Limited-Service 
Restaurants 
  β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work 
(n=638) 
     
 Low poverty 
(reference category) 
- - - - 
 Medium poverty 0.002 (0.061) 
p=0.978 
-0.095 (0.090) 
p=0.291 
-0.008 (0.023) 
p=0.741 
-0.001 (0.010) 
p=0.928 
 High poverty 0.013 (0.058) 
p=0.818 
-0.048 (0.090) 
p=0.593 
-0.001 (0.025) 
p=0.974 
0.003 (0.011) 
p=0.800 
Around Home 
(n=638) 
     
 Low poverty 
(reference category) 
- - - - 
 Medium poverty -0.046 (0.065) 
p=0.480 
-0.167 (0.069) 
p=0.016* 
-0.022 (0.020) 
p=0.252 
-0.008 (0.009) 
p=0.337 
 High poverty 0.035 (0.079) 
p=0. 660 
-0.055 (0.069) 
p=0.423 
-0.003 (0.029) 
p=0.930 
-0.002 (0.012) 
p=0.854 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status  
Note: Analysis conducted for work and home locations based on home and work census tracts (commutes not analyzed) 
 
    
108 
  
Discussion 
 
 In this study, I examined potential moderators that may influence the association between 
spatial access to food outlets and eating habits in order to identify for whom and under what 
conditions food environments and eating habits are associated. Moderation research is necessary 
for understanding vulnerabilities among subgroups and informing tailored intervention programs 
to improve nutrition and overall health. 
 With respect to self-efficacy for healthy eating and contrary to expectations, I found that 
higher convenience store and fast food restaurant density along commutes were associated with 
healthier eating habits among participants reporting to be moderately, very, and extremely 
confident in their ability to eat healthy. No other interactions were observed for the other food 
outlet types (supermarkets and small grocery stores) or across home and work settings. The lack 
of significant interactions between self-efficacy for healthy eating and spatial access to food 
outlets around home and work suggests possible confounding by social and contextual factors 
within home and workplace settings. Previous research indicates that social norms (influences 
from family, friends, co-workers) and environmental cues (e.g., visible food temptations) shape 
self-efficacy for healthy eating and eating habits (Higgs & Thomas, 2016; Williams & Rhodes, 
2016). Moreover, the self-efficacy for healthy eating measure was not situation- or behavior-
specific to capture nuances related to dietary self-efficacy. Alternatively, associations between 
food outlet access and eating habits might instead vary by socio-demographic variables, such as 
socioeconomic status. I was unable to assess moderation by socioeconomic status because the 
child care workers sampled were mostly low-income, but I hope this works stimulates further 
interest and research exploring interactions between socio-demographics, self-efficacy for 
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healthy eating and other psychosocial factors, social influences from family, friends, co-workers, 
and contextual influences within home, work, and along commutes.  
 With respect to census tract-level poverty, I found that a greater number of small grocery 
stores around homes was associated with poorer eating habits among workers living in medium 
poverty areas, but not high poverty areas. Furthermore, I did not observe interactions between 
workplace census tract-level poverty and food outlet access around work. These mixed findings 
may be attributable to varying degree to which individuals within a given census tract are 
affected by poverty conditions (Krieger et al., 2002). Correspondingly, individual-level 
socioeconomic status could instead moderate relationships between food environments and 
eating habits, but as previously noted, I was unable to assess moderation by workers’ 
socioeconomic status given that I assessed low-wage child care workers.  A recent study by 
James, Seward, O’Malley, Subramanian, and Block (2017) assessed food environment changes 
over the last 40 years across low, mean, and high poverty census tracts, and found that while 
access to fast food places near home was highest in high poverty census tracts, fast food access 
has increased across all poverty levels. The preponderance of fast food outlets everywhere, 
alongside other types of food outlets, could be obscuring supposed interactions between food 
outlet access, census tract poverty, and eating habits. Another explanation for these findings 
could be related to potential confounding between census tract poverty and food environments. 
An alternative measure of area-level economic deprivation might be urban/rural status. In 
Chapter 4, I learned that child care workers working in urban census tracts were exposed to more 
food outlets than workers working in rural census tracts, and that associations between food 
environments and eating habits varied by urban vs. rural workplace location and residence. 
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Future work should seek to address how different area-level socio-economic measures affect 
associations between food outlet access and eating habits.   
 Food environment discourse typically characterizes supermarkets/grocery stores as 
‘healthy’ venues, and convenience stores and fast food restaurants as ‘unhealthy’ venues. 
However, healthy and unhealthy food options are available most places (Glanz et al., 2007; Lee-
Kwan et al., 2015; Pereira et al., 2014). Thus, an assessment of access to healthy foods within 
these locations could be helpful in determining the availability and affordability of produce and 
other foods in stores, and the types of meals offered at restaurants. Future food environment 
research should also incorporate assessments of shopping behaviors and food preferences to 
provide a stronger evidence base linking food outlet distribution and eating habits, obesity risk, 
and other health outcomes. 
 
Practice Implications 
Given that the moderators examined in this study have yet to be studied previously, 
further research is needed to advance understanding of personal and contextual factors 
influencing dynamics between food access, food choice, and eating habits. This research 
represents one step towards understanding child care workers’ access to food outlets, and helping 
child care workers make healthier foods choices at home, work, and along commutes.  
I found that child care workers were exposed to more food outlets around work compared 
to home, which is consistent with other studies that have found heightened food exposures 
around work vs. home (Burgoine & Monsivais, 2013; Moore et al., 2013). Workplace health 
promotion and education programs are needed to encourage healthy food choices at grocery 
stores and healthy meal options to take to work as well as strategies to help improve their self-
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efficacy for healthy eating. Access to refrigerators, microwaves, and other kitchen amenities can 
help to facilitate eating at work vs. visiting a nearby fast food restaurant for lunch (Blanck et al., 
2009; Mazzola, Moore, & Alexander, 2016) Ensuring these center-level supports along with 
health promotion programming that incorporate weight management strategies (self-efficacy 
training, social support, overcoming barriers to healthy eating) are key to improving the dietary 
health and well-being of child care workers.   
 
Strengths and Limitations 
 This study advances our understanding of potential moderating factors influencing 
associations between child care workers’ eating habits and spatial access to food outlets across 
multiple settings (home, work, commutes). While previous research has focused on main effect 
associations between food access and eating habits, I explored individual- and community-level 
moderators of interest — self-efficacy for healthy eating as well as home and workplace census 
tract-level poverty — which have not been studied in the food environment-diet literature. This 
study also extends previous food environment research by addressing spatial access to food 
outlets across home, work, and commutes, whereas prior research has focused on residential food 
access only. Moreover, this work sheds light on child care workers, an understudied, yet high 
priority group of workers at elevated risks for obesity and chronic diseases.  
 I acknowledge several study limitations. First, this study incorporates a cross-sectional 
design, so causality between variables cannot be inferred. Cross-sectional studies are vulnerable 
to residential self-selection bias, (Lake & Townshend, 2006; Lytle, 2009; Gordon-Larsen, 2014), 
because individuals may self-select where they live and work based on certain lifestyle 
preferences and socioeconomic factors. For example, healthier individuals may choose to live or 
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work in areas with a greater concentration of healthier food outlets. Nonetheless, adjusting for 
potential confounders, as I did in this study, is one way to at least partially address this limitation 
(Ding & Gebel, 2012). Unmeasured variables and potential confounding between census tract 
level poverty and food environments might have influenced results. In addition, multiple testing 
may have resulted in the potential for type 1 error. Longitudinal studies are needed to establish 
causality between food environment factors and eating habits.  
 Second, I relied on single-item measures for the moderators of interest, while multiple-
item scales may fully capture these variables. For example, self-efficacy for healthy eating might 
be improved by asking participants about their self-efficacy to eat healthy foods during certain 
scenarios, such as their confidence to eat fruits and vegetables while others are eating junk foods 
or their confidence to bring fruit and vegetables to eat at work (Erinosho et al., 2015), or their 
self-efficacy to eat healthy foods while stressed, tired, or bored.  Third, while I assessed spatial 
access to various food outlet types across multiple settings, the food environment measures are 
proxies for potential access (availability/geographic distribution) to food resources, instead of 
realized access (actual use) (Sharkey, 2009). Realized access could be assessed by asking 
participants to report on the food retailers and restaurants they visit, and what foods they actually 
purchased and consumed. Similarly, I modeled the shortest road distance between home and 
work as a proxy for commutes taken by participants; but participants may have visited other 
locations along their commute. Future research should employ GPS technologies for greater 
insight into travel behavior and actual food access/utilization within and around food 
environments.  
 Furthermore, while the Eating Habits Score demonstrated face, content, and construct 
validity, I relied on self-report food frequency measures, which are subject to social desirability 
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bias. Also, I was unable to determine number of servings and/or estimated caloric intake to more 
closely align cut-off points to dietary guidelines. Though this assessment was validated among a 
sample of child care providers in North Carolina who were predominantly female and of lower 
socioeconomic status, future work should assess the validity of this instrument in other 
populations and geographic areas.  
 
Conclusion   
 This study contributes new knowledge to help us understand potential moderating 
mechanisms influencing associations between spatial access to food outlets and eating habits 
among a sample of North Carolina child care workers at high-risk for obesity and related 
conditions. I found evidence that self-efficacy for healthy eating and area-level poverty may 
exert moderating effects on the relationship between spatial access to food outlets and eating 
habits. Interactions varied across home, work, and commute settings, and appear to be influenced 
by social influences and contextual factors within these settings, though further exploration is 
needed in this area. A better understanding of child care workers’ eating habits and spatial access 
to food outlets is critical to informing health promotion efforts that aim to improve eating habits 
and health outcomes for child care workers and potentially, the children in care. 
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CHAPTER 6. SYNTHESIS & CONCLUSION 
 
Summary of Dissertation Activities 
 This dissertation examined environmental determinants of eating habits among low-wage 
child care workers at increased risk for obesity and chronic disease conditions. Existing research 
has been stifled by the preoccupation of food access in residential neighborhoods or “spatial 
entrapment” as noted by Matthews and Yang (2013). “Spatial polygamy,” on the other hand, 
acknowledges that individuals move across and interact with a variety of activity spaces 
throughout their day (Matthews & Yang, 2013). Consistent with this concept, I examined food 
environments around homes, workplaces, and commutes and how these exposures relate to child 
care workers’ eating habits.  
 An extensive literature review was conducted to inform my conceptual model, 
methodology, and study aims. The conceptual model guiding this dissertation employs the socio-
ecological framework and the social cognitive theory, and takes into account factors acting and 
interacting at multiple social ecological levels. The spatial access measures and buffer methods 
were informed by previous research and careful consideration of walkable and drivable distances 
for the study population. With Studies One and Two, I aimed to fill critical gaps in the food 
environment literature by focusing on understudied food environments around workplace, and 
along commutes, and contributing to limited research that has explored moderating mechanisms 
explaining relationships between food environments and eating habits.  
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 In Study One, I examined main effect associations between child care workers’ eating 
habits and spatial access to food outlets across home, work, and commute settings. I analyzed 
baseline data for 638 child care workers, enrolled in the CARE study, a cluster-randomized 
worksite wellness trial conducted in North Carolina. Food outlet data were collected through 
ReferenceUSA and analyzed within ArcGIS to create density measures of food outlets within 5 
road network miles of home and work locations and along commute paths. An Eating Habits 
Score, derived from food intake frequency of 10 items, ranged from 0-20, with higher scores 
reflecting eating habits better aligned with dietary guidelines. Generalized Estimating Equations 
were used to analyze relationships between spatial access to food outlets and eating habits, 
among the sample and urban and rural subsamples. In Study Two, I assessed moderation by self-
efficacy for healthy eating (individual-level factor) as well as home and workplace census-tract 
level poverty (community-level factor) on associations between spatial access to food outlets and 
eating habits.  
 
Synthesis of Key Findings 
 Several key findings emerged in both studies. In Study One, I learned that more food 
outlets were located around workplaces (vs homes), with longer commutes, and in urban (vs 
rural) areas. Among the total sample, I found that each additional small grocery store within 5 
road network miles from home was associated with healthier eating habits, after adjusting for 
age, education, and obesity status. Among urban residents, each additional small grocery store 
within 5 road network miles from home was significantly associated with a better eating habits 
score, and among rural workers, each additional supermarket, convenience store, and limited-
service restaurant within 5 road network miles from work was also associated with a better 
    
116 
  
eating habits score. I did not observe associations between access to food outlets along 
commutes and eating habits. I am aware of only one related study assessing food outlet 
exposures on commutes and eating habits (Burgoine et al., 2014) which did find an association 
between fast food restaurants along commutes and fast food intake. I speculate that people might 
be less inclined to shop for groceries and visit convenience stores and restaurants along the way 
to work and home, but rather concentrate those activities around where they work and/or live – 
though research is needed to support this assertion. Qualitative research through in-depth 
interviews or ecological momentary data assessments would be helpful in shedding light on 
workers’ food purchasing behaviors along commutes. 
 As I noted in the discussion, greater access to food outlets (regardless of type) was 
associated with healthier eating habits, which was expected for supermarkets/grocery stores, but 
unexpected for convenience stores and fast food restaurants. Other researchers have observed 
mixed findings as well. For example, Boone-Heinonen and colleagues (2011) found that 
neighborhood access to supermarkets and grocery stores was unrelated to dietary quality. These 
results seem to challenge the notion that supermarkets/grocery stores are ‘healthy’ venues, and 
convenience stores and fast food restaurants are ‘unhealthy’ venues because healthy and 
unhealthy food options are available virtually everywhere (Glanz et al., 2007; Lee-Kwan et al., 
2015; Pereira et al., 2014). Accordingly, these findings call for further research that considers the 
availability of healthy foods within food outlets, as well as individuals’ shopping behaviors and 
food preferences to provide a stronger evidence base linking food outlet distribution and eating 
habits, obesity risk, and other health outcomes. Results also varied by urban-rural status for 
urban vs. rural workers, and urban vs. rural residents. Specifically, I found higher concentrations 
of food outlets in urban areas than rural areas. And, I found evidence that food outlet access 
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around home was relevant for urban residents, while food outlet access around work was 
pertinent for rural workers. These results underscore the importance of considering urban and 
rural differences in food outlet access, and how these differences might be related to eating 
habits.  
 Overall, this work highlights opportunities to intervene across all settings, especially in 
workplaces and homes. Efforts to help child care workers choose healthy lunch and snack 
options to bring to work and/or heathy food selections at nearby convenience stores and fast food 
restaurants are needed so that workers develop and maintain healthy eating habits. Similar efforts 
at home could encourage child care workers and their families to purchase fruits, vegetables, and 
other healthy foods, and plan healthy meals and lunches to take to school and work. Below I 
discuss in further detail the research, practice, and policy implications of this work.  
 In Study Two, I found mixed results for moderation by self-efficacy for healthy eating on 
the relationship between spatial access to food outlets and eating habits, in which higher 
convenience store and fast food restaurant density along commutes were associated with 
healthier eating habits among participants who were ‘moderately/very/extremely confident’ in 
eating healthy, after controlling for age, education, and obesity status. However, I did not find 
interactions between self-efficacy for healthy eating and food outlet access around work and 
home. I posited that other socio-demographic, social, and contextual factors within these settings 
might have confounded expected relationships between variables. Clearly, more research is 
needed to disentangle mechanisms underlying relationships between food environments and 
eating habits, and for whom and under what conditions these relationships apply.  
 In terms of moderation by census tract-level poverty, I found that home census tract-level 
poverty moderated the relationship between spatial access to small grocery stores around home 
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and eating habits, such that higher small grocery store density around home was associated with 
poorer eating habits for participants living in ‘medium poverty’ census tracts, but not in high 
poverty census tracts, after controlling for age, education, and obesity status. Moreover, I did not 
observe interactions between spatial access measures of food outlets around workplaces and 
workplace census tract level-poverty. These mixed findings suggest that individuals within a 
given census tract might be affected by poverty conditions differently, or potential confounding 
between census tract level-poverty and food environments. Individual-level socioeconomic status 
might moderate relationships between food environments and eating habits, although I was 
unable to explore this possibility with a sample of low-wage child care workers. Further research 
should seek to explore moderation by census tract-level poverty along with other resource 
deprivation measures, such as urban vs. rural status as I assessed in Study One.  
 
Implications for Research 
 This research makes a significant contribution to a small body of literature that has 
focused on residential and non-residential food environments. I found heightened exposure to 
food outlets around workplaces compared to homes. Thus, studying food outlet exposures around 
homes alone would have underestimated food outlet access. Food environment researchers 
should consider incorporating questions about participants’ occupation and workplace address to 
be able to assess food outlet exposures around this important setting, and barriers that may hinder 
healthy eating at work. Improving the evidence base with rigorous studies across these settings 
as well as studies that assess moderation by individual-level factors on food environment-diet 
associations will likely add clarity to the mixed findings that currently exist. One key take-away 
from this research is that environment alone does not explain food access entirely. Individual-
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level factors (such as self-efficacy for healthy eating) may influence the extent to which food 
environments matter when it comes to eating habits. Therefore, both environment and personal 
factors should be considered in future work.  
 With respect to study population and setting, I focused on child care workers, a low-wage 
vulnerable population in urban and rural North Carolina. I hope this work encourages more 
investigations involving child care workers in other parts of the country as well as other low-
wage workers. As I noted, I observed striking urban and rural differences that would not have 
emerged had I not stratified by urban and rural status in Study One. Food outlet access in both 
urban and rural populations and settings warrant greater attention to inform education and policy 
interventions that address geographic food access disparities. In terms of measuring food 
environments, road network buffers provide greater accuracy compared to radial buffers. Future 
research should continue to improve food environment methodology.  
 Moving forward, longitudinal studies are needed to assess whether food environment 
measures are sensitive to change over time, and whether changes in the food environment result 
in changes in health behaviors, obesity prevalence, and other health outcomes (Lytle & Sokol, 
2017). As previously mentioned, GPS tracking technologies would be useful in providing spatio-
temporal perspective on the extent to which individuals interact with their surroundings (Clary, 
Matthews, & Kestens, 2017; Chen & Kwan, 2015). Furthermore, researchers ought to examine 
shifts in the food landscape towards online grocery shopping, food delivery, and the proliferation 
and popularity of mobile food trucks.  
 Glanz and colleagues (2016) call for multi-disciplinary collaborations across public 
health, urban planning, transportation, psychology, economics, marketing, among other 
disciplines in order to advance built environment research as well as programmatic and policy 
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approaches for obesity prevention. One fruitful area of research addresses both food 
environments and physical activity environments (access to parks, recreational centers), and how 
these environments might be independently and jointly associated with eating habits, physical 
activity, and obesity risk. 
 
Implications for Practice & Policy 
 Understanding child care workers’ access to food outlets is the first step towards working 
with them to make healthier food choices at work, home, and commutes to reduce risks to 
obesity and other chronic diseases. The fact that child care workers were exposed to more food 
outlets around work compared to home emphasizes the importance of this setting. Workplace 
health promotion programs are needed to encourage healthy food choices in and around the 
workplace. Education programs should focus on equipping workers with strategies to improve 
their self-efficacy for healthy eating. Center-level supports, including kitchen amenities, can help 
to facilitate eating at work vs. visiting a nearby fast food restaurant for lunch (Blanck et al., 
2009; Mazzola et al., 2016). 
 In terms of policy implications, the spatial distribution of food outlets has been targeted 
through urban planning regulations including zoning ordinances that establish 
supermarkets/grocery stores in “food deserts” (areas where access to produce and healthy foods 
are needed) and limit the number of fast food locations in “food swamps” or places where they 
are abundant. However, evidence on the effectiveness of introducing supermarkets/grocery stores 
in “food deserts” has been mixed. To illustrate, researchers from the RAND Corporation 
conducted a natural experiment to test whether introducing a supermarket in a food desert 
improved eating habits (Dubowitz et al., 2015a; Dubowitz, Ncube, Leuschner, & Tharp-Gilliam, 
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2015b). Following the introduction of the supermarket, researchers found an improvement in 
perceived access to healthy food, but no improvements in dietary outcomes (Dubowitz et al., 
2015a). These findings suggest that environments alone do not explain people’s eating habits. 
Individual-level factors are still important in determining food preferences, choice, and access. 
Thus, community-level interventions could involve ensuring that healthy food options are 
available where people already shop (Gordon-Larsen, 2014). A systematic review of 
interventions in small food stores, including increasing the availability of produce and other 
healthier foods and point-of-purchase promotions, revealed demonstrated improvements in 
healthy food access in urban and rural communities (Gittelsohn et al., 2014). Another systematic 
review of obesity-related interventions in retail grocery stores and supermarkets found that in-
store/point-of-purchase improved purchase promotions and consumption of healthy foods 
(Adams & Jensen, 2016). Such interventions along with nutrition and health education programs 
have the potential to improve eating habits and curb obesity risks of communities.   
 
Strengths and Limitations 
 This dissertation has numerous strengths. First, both studies examined child care 
workers’ spatial access to food exposures across multiple food environment settings, while other 
studies have concentrated on the food environment around homes. Second, low-wage, high-risk 
child care workers have not been studied previously, while this study used a large sample of 
child care workers from urban and rural parts of North Carolina. Third, food outlet data from 
ReferenceUSA underwent extensive data cleaning to ensure a comprehensive and accurate 
listing of food outlets. I verified ReferenceUSA data through internet searches, online resources, 
such as GoogleEarth and city websites, and removed duplicates and unverified food outlets, to 
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ensure a complete inventory of nearby food outlets. Food environment exposure measures were 
derived from precise work and home addresses, while others have had to rely on block group-, 
census tract-, or zip code-level measures. In addition, I explored analyses using radial and road 
network buffers at spatial scales representing walkable and drivable distances, while previous 
studies have relied mostly on radial buffers at one particular scale. The use of multiple scales is 
necessary to advancing measurement methodology in this field by answering ‘which buffer 
method is preferred/most appropriate?’ and ‘at what distance from home/workplace most affects 
eating habits?’ and ‘do spatial patterns vary by scale?’ The conceptual model, grounded in the 
social ecological framework and the social cognitive theory, can help guide the conceptualization 
of multiple environmental influences on eating habits. Furthermore, moderating mechanisms 
were tested to explain the complex interactions between environment, personal factors, and 
behavior.  
 Several limitations should be noted as well. First, like much of the food environment 
literature, both studies employed a cross-sectional design, so causality between environmental 
factors and eating habits could not be inferred. Cross-sectional studies are vulnerable to 
residential self-selection bias resulting from individuals having the economic resources to be able 
to live in a healthy neighborhoods and access food outlets anywhere/anytime, versus those 
individuals who are constrained in where they live and what food outlets they can access (Lake 
& Townshend, 2006; Lytle, 2009; Zenk et al., 2011). However, I adjusted for potential 
confounders to address this limitation (Ding & Gebel, 2012). Despite accounting for covariates, 
there may have been unmeasured variables and/or potential confounding that would further 
explain associations.  Lastly, I measured potential access rather than realized access to food 
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outlets. Future work should utilize GPS technologies to better understand how individuals travel 
within and around their activity spaces (Chen & Dobra, 2017).  
 
Conclusion 
 In conclusion, this dissertation research adds important insights to help us understand 
how food exposures around home, workplace, and along commutes may influence the eating 
habits of child care workers, a particularly high-risk, low-wage, and remarkably understudied 
group of workers including over 1.3 million individuals across the United States. I explored 
spatial access to food outlets around home, workplace, and commutes using radial and road 
network buffers at varying spatial scales, and found that increased access to all food outlets types 
were associated with healthier eating habits. I found mixed evidence that self-efficacy for healthy 
eating as well as home and workplace census tract-level poverty moderated associations between 
food environments and eating habits. Altogether, this research helps to unravel upstream 
determinants of eating habits and important moderating mechanisms at individual and 
community ecological levels to explain the complex interplay between environmental factors, 
personal factors, and behavior. A greater understanding of food environment exposures and 
eating habits could potentially reveal intervention points for improving healthy food access and 
regulating unhealthy food access to support healthy eating habits and improve the health of child 
care workers. 
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APPENDIX 4.1: ADDITIONAL DESCRIPTIVE ANALYSES RESULTS USING 1 
MILE RADIAL AND ROAD NETWORK BUFFERS & 5 MILE RADIAL BUFFERS 
 
 
1 Mile Radial and Road Network Buffers around Work  
 Table 4.1.1 presents radial and road network density results for food outlets within 1 mile of  
work for all centers (n=73), urban centers (n=60), and rural centers (n=13). Over half of child 
care centers (workplaces) were located within 1 radial mile of at least one supermarket (54.8%, 
n=40), one small grocery store (54.8%, n=40), while most centers were located within 1 mile 
of a convenience store (84.9%, n=62) and fast food restaurant (84.9%, n=62). Fewer centers 
were located within 1 road network mile of at least one supermarket (45.2%, n=33), small 
grocery store (39.7%, n=29), convenience store (76.7%, n=56), and fast food restaurant (74.0%, 
n=54). Table 4.1.1 presents radial and road network density results for food outlets within 1 mile 
of work for all centers (n=73), urban centers (n=60), and rural centers (n=13). On average, 
approximately one supermarket, one small grocery store, two convenience stores, and four fast 
food restaurants were located within 1 mile of child care centers. No statistically significant 
differences in food outlets surrounding child care centers were observed between urban and rural 
settings using 1 mile radial and road network density measures (Table 4.1.1). 
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Table 4.1.1: Food Outlets within 1 mile of Work (Child Care Centers) in Urban and Rural 
Areas (n=73 Centers) 
  1 mile radial density  1 mile road network density  
Food Outlet 
Type 
 
TOTAL 
(n=73 
centers) 
Urban 
(n=60 
centers) 
Rural 
(n=13 
centers) 
p-value 
TOTAL 
(n=73 
centers) 
Urban 
(n=60 
centers) 
Rural 
(n=13 
centers) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean 
(sd) 
Range 
0.82 
(0.99) 
(0-4) 
0.83 
(1.06) 
(0-4) 
0.77 
(0.60) 
(0-2) 
0.834 
0.55 
(0.69) 
(0-3) 
0.53 
(0.70) 
(0-3) 
0.62 
(0.65) 
(0-2) 
0.700 
Small grocery 
stores 
Mean 
(sd) 
Range 
0.90 
(1.14) 
(0-5) 
0.97 
(1.23) 
(0-5) 
0.62 
(0.51) 
(0-1) 
0.319 
0.55 
(0.85) 
(0-4) 
0.58 
(0.91) 
(0-4) 
0.38 
(0.51) 
(0-1) 
0.449 
Convenience 
stores 
Mean 
(sd) 
Range 
2.48 
(1.96) 
(0-8) 
2.65 
(2.03) 
(0-8) 
1.69 
(1.38) 
(0-4) 
0.111 
1.84 
(1.67) 
(0-7) 
1.95 
(1.69) 
(0-7) 
1.31 
(1.49) 
(0-4) 
0.210 
Limited-
service (“fast 
food”) 
restaurants 
Mean 
(sd) 
Range 
4.60 
(4.91) 
(0-20) 
4.98 
(5.21) 
(0-20) 
2.85 
(2.64) 
(0-8) 
0.156 
3.25 
(4.16) 
(0-19) 
3.45 
(4.44) 
(0-19) 
2.31 
(2.43) 
(0-8) 
0.373 
*significant difference (p<0.05)  
 
5 Mile Radial Buffers around Work  
 
 Nearly all centers were located within 5 radial miles of at least one supermarket (98.6%, 
n=72), small grocery store (95.9%, n=70), and all centers were located within 5 miles of a 
convenience store (100.0%, n=73), and fast food restaurant (100.0%, n=73). Differences by 
urban-rural designation were statistically significant for all food outlet types using 5 mile radial 
density measures (Table 4.1.2). Food outlet densities for all food outlet types were higher in 
urban areas compared to rural areas. 
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Table 4.1.2: Food Outlets within 5 radial miles of Work (Child Care Centers) in Urban and 
Rural Areas (n=73 Centers) 
  5 mile radial density  
Food Outlet Type  
TOTAL 
(n=73 centers) 
Urban 
(n=60 centers) 
Rural 
(n=13 centers) 
p-value 
Supermarkets/ 
large grocery stores 
Mean (sd) 
Range  
12.00 (7.13) 
(0-28) 
13.87 (6.36) 
(1-28) 
3.38 (2.90) 
(0-9) 
0.000* 
Small grocery stores 
Mean (sd) 
Range 
10.47 (8.22) 
(0-38) 
12.00 (8.16) 
(1-38) 
3.38 (3.45) 
(0-11) 
0.000* 
Convenience stores 
Mean (sd) 
Range 
31.79 (20.27) 
(1-71) 
37.02 (18.43) 
(6-71) 
7.69 (5.38) 
(1-17) 
0.000* 
Limited-service (“fast 
food”) restaurants 
Mean (sd) 
Range 
64.73 (43.44) 
(1-136) 
76.18 (39.19) 
(7-136) 
11.85 (9.43) 
(1-27) 
0.000* 
*significant difference (p<0.05)  
 
1 Mile Radial and Road Network Buffers around Home  
 Less than half of participants lived within 1 radial mile of at least one supermarket 
(45.6%, n=291), one small grocery store (38.9%, n=248), while most participants lived within 1 
mile of a convenience store (64.4%, n=411) and fast food restaurant (56.6%, n=361). Fewer 
participants lived within 1 road network mile of at least one supermarket (27.9%, n=178), small 
grocery store (23.5%, n=150), convenience store (49.1%, n=313), and fast food restaurant 
(41.1%, n=262). As shown in Table 4.1.3, on average, approximately one supermarket, one small 
grocery store, one convenience store, and three fast food restaurants were located within 1 mile 
of homes. Differences by urban-rural designation were statistically significant for all food outlet 
types surrounding homes, whereby all food outlet densities were higher in urban areas compared 
to rural areas (Table 4.1.3). 
 
 
 
 
    
127 
  
Table 4.1.3: Food Outlets within 1 mile of Home (n=638 Participants) 
  1 mile radial density  1 mile road network density  
Food Outlet 
Type 
 
TOTAL 
(n=638) 
Urban 
(n=507) 
Rural 
(n=131) 
p-value 
TOTAL 
(n=638) 
Urban 
(n=507) 
Rural 
(n=131) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean 
(sd) 
Range 
0.72 
(0.96) 
(0-5) 
0.83 
(0.99) 
(0-5) 
0.29 
(0.70) 
(0-3) 
0.000* 
0.37 
(0.69) 
(0-4) 
0.42 
(0.71) 
(0-4) 
0.19 
(0.57) 
(0-3) 
0.000* 
Small grocery 
stores 
Mean 
(sd) 
Range 
0.65 
(1.06) 
(0-7) 
0.74 
(1.12) 
(0-7) 
0.27 
(0.72) 
(0-4) 
0.000* 
0.33 
(0.74) 
(0-6) 
0.37 
(0.78) 
(0-6) 
0.15 
(0.47) 
(0-3) 
0.000* 
Convenience 
stores 
Mean 
(sd) 
Range 
1.84 
(2.06) 
(0-9) 
2.14 
(2.02) 
(0-9) 
0.69 
(1.79) 
(0-9) 
0.000* 
1.00 
(1.44) 
(0-8) 
1.13 
(1.41) 
(0-6) 
0.48 
(1.45) 
(0-8) 
0.000* 
Limited-
service (“fast 
food”) 
restaurants 
Mean 
(sd) 
Range 
3.55 
(5.16) 
(0-30) 
4.27 
(5.45) 
(0-30) 
0.76 
(2.22) 
(0-12) 
0.000* 
1.75 
(3.22) 
(0-17) 
2.07 
(3.42) 
(0-17) 
0.50 
(1.83) 
(0-11) 
0.000* 
*significant difference (p<0.05)  
 
5 Mile Radial Buffers around Home  
 Nearly all participants lived within 5 radial miles of at least one supermarket (95.6%, 
n=610), small grocery store (95.0%, n=606), convenience store (98.9%, n=631), and fast food 
restaurant (96.4%, n=615). On average, about eleven supermarkets, nine small grocery stores, 27 
convenience stores, and 57 fast food restaurants were located within 5 radial miles of homes 
(Table 4.1.4). Differences in urban vs. rural areas remained statistically significant using 5 mile 
density measures (Table 4.1.4). All food outlet densities were higher in urban areas compared to 
rural areas. 
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Table 4.1.4: Food Outlets within 5 radial miles of Home (n=638 Participants) 
  5 mile radial density  
Food Outlet Type  
TOTAL 
(n=638) 
Urban 
(n=507) 
Rural 
(n=131) 
p-value 
Supermarkets/ 
large grocery stores 
Mean (sd) 
Range 
10.53 (7.19) 
(0-35) 
12.54 (6.59) 
(0-35) 
2.74 (2.74) 
(0-12) 
0.000* 
Small grocery stores 
Mean (sd) 
Range 
9.20 (7.92) 
(0-37) 
10.94 (7.91) 
(0-37) 
2.47 (2.42) 
(0-11) 
0.000* 
Convenience stores 
Mean (sd) 
Range 
27.27 (20.02) 
(0-75) 
32.77 (18.68) 
(1-75) 
6.00 (5.77) 
(0-32) 
0.000* 
Limited-service (“fast 
food”) restaurants 
Mean (sd) 
Range 
56.55 (43.78) 
(0-182) 
68.85 (40.58) 
(0-182) 
8.92 (10.16) 
(0-41) 
0.000* 
*significant difference (p<0.05)  
 
Comparing Food Outlet Coverage around 1 Mile from Work vs. Home  
 Using a 1 mile radial density measure, differences between work and home settings were 
statistically significant for: 1) convenience stores among the total sample (p=0.012), and 2) 
supermarkets/large grocery stores (p=0.018) and limited-services restaurants (p=0.002) in rural 
areas, whereby more food outlets were located around work compared to home (Table 4.1.5). 
Additionally, in rural areas, the difference between work and home settings for convenience 
stores approached statistical significance, favoring work over home setting (p=0.053). 
 Using a 1 mile road density measure, differences between work and home settings were 
statistically significant for all food outlet types among the total sample and favored work over 
home settings (Table 4.1.6). In urban areas, statistically significant differences were noted for 
convenience stores (p=0.000) and limited-services restaurants (p=0 .004), while differences 
approached statistical significance for small grocery stores (p=0.053). In rural areas, statistically 
significant differences were observed for supermarkets/large grocery stores (p=0.011) and 
limited-services restaurants (p=0.001), whereas differences approached statistical significance 
for convenience stores (p=0.051). 
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Comparing Food Outlet Coverage around 5 Radial Miles from Work vs. Home  
 No statistically significant differences between work and home settings were found using 
a 5 mile radial density measure (Table 4.1.7). Although not significant, food outlets were greater 
around work compared to home settings for all total/urban/rural groups.   
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Table 4.1.5: Descriptive Statistics for Food Outlet Exposures within 1 mile (radial density) of Work vs. Home Locations 
*significant difference (p<0.05)  
 
 
 
 
 
  1 mile radial density 
  TOTAL URBAN RURAL 
Food Outlet 
Type 
 
WORK 
(n=73 
centers) 
HOME 
(n=638 
workers) 
p-value 
WORK 
(n=60 
centers) 
HOME 
(n=507 
workers) 
p-value 
WORK 
(n=13 
centers) 
HOME 
(n=131 
workers) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean (sd) 
Range 
0.82 (0.99) 
(0-4) 
0.72 (0.96) 
(0-5) 
0.401 
0.83 (1.06) 
(0-4) 
0.83 (0.99) 
(0-5) 
1.000 
0.77 (0.60) 
(0-2) 
0.29 (0.70) 
(0-3) 
0.018* 
Small grocery 
stores 
Mean (sd) 
Range 
0.90 (1.14) 
(0-5) 
0.65 (1.06) 
(0-7) 
0.059 
0.97 (1.23) 
(0-5) 
0.74 (1.12) 
(0-7) 
0.137 
0.62 (0.51) 
(0-1) 
0.27 (0.72) 
(0-4) 
0.090 
Convenience 
stores 
Mean (sd) 
Range 
2.48 (1.96) 
(0-8) 
1.84 (2.06) 
(0-9) 
0.012* 
2.65 (2.03) 
(0-8) 
2.14 (2.02) 
(0-9) 
0.065 
1.69 (1.38) 
(0-4) 
0.69 (1.79) 
(0-9) 
0.053 
Limited-
service (“fast 
food”) 
restaurants 
Mean (sd) 
Range 
4.60 (4.91) 
(0-20) 
3.55 (5.16) 
(0-30) 
0.098 
4.98 (5.21) 
(0-20) 
4.27 (5.45) 
(0-30) 
0.338 
2.85 (2.64) 
(0-8) 
0.76 (2.22) 
(0-12) 
0.002* 
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Table 4.1.6: Descriptive Statistics for Food Outlet Exposures within 1 mile (rd. network density) of Work vs. Home Locations 
*significant difference (p<0.05)  
  1 mile road network density 
  TOTAL URBAN RURAL 
Food Outlet 
Type 
 
WORK 
(n=73 
centers) 
HOME 
(n=638 
workers) 
p-value 
WORK 
(n=60 
centers) 
HOME 
(n=507 
workers) 
p-value 
WORK 
(n=13 
centers) 
HOME 
(n=131 
workers) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean 
(sd) 
Range 
0.55 (0.69) 
(0-3) 
0.37 (0.69) 
(0-4) 
0.035* 
0.53 (0.70) 
(0-3) 
0.42 (0.71) 
(0-4) 
0.256 
0.62 (0.65) 
(0-2) 
0.19 (0.57) 
(0-3) 
0.011* 
Small grocery 
stores 
Mean 
(sd) 
Range 
0.55 (0.85) 
(0-4) 
0.33 (0.74) 
(0-6) 
0.018* 
0.58 (0.91) 
(0-4) 
0.37 (0.78) 
(0-6) 
0.053 
0.38 (0.51) 
(0-1) 
0.15 (0.47) 
(0-3) 
0.097 
Convenience 
stores 
Mean 
(sd) 
Range 
1.84 (1.67) 
(0-7) 
1.00 (1.44) 
(0-8) 
0.000* 
1.95 (1.69) 
(0-7) 
1.13 (1.41) 
(0-6) 
0.000* 
1.31 (1.49) 
(0-4) 
0.48 (1.45) 
(0-8) 
0.051 
Limited-
service (“fast 
food”) 
restaurants 
Mean 
(sd) 
Range 
3.25 (4.16) 
(0-19) 
1.75 (3.22) 
(0-17) 
0.000* 
3.45 (4.44) 
(0-19) 
2.07 (3.42) 
(0-17) 
0.004* 
2.31 (2.43) 
(0-8) 
0.50 (1.83) 
(0-11) 
0.001* 
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Table 4.1.7: Descriptive Statistics for Food Outlet Exposures within 5 miles (radial density) of Work vs. Home Locations 
 
  5 mile radial density 
  TOTAL URBAN RURAL 
Food Outlet 
Type 
 
WORK 
(n=73 
centers) 
HOME 
(n=638 
workers) 
p-value 
WORK 
(n=60 
centers) 
HOME 
(n=507 
workers) 
p-value 
WORK 
(n=13 
centers) 
HOME 
(n=131 
workers) 
p-value 
Supermarkets/ 
large grocery 
stores 
Mean (sd) 
Range 
12.00 (7.13) 
(0-28) 
10.53 (7.19) 
(0-35) 
0.098 
13.87 (6.36) 
(1-28) 
12.54 (6.59) 
(0-35) 
0.138 
3.38 (2.90) 
(0-9) 
2.74 (2.74) 
(0-12) 
0.426 
Small grocery 
stores 
Mean (sd) 
Range 
10.47 (8.22) 
(0-38) 
9.20 (7.92) 
(0-37) 
0.197 
12.00 (8.16) 
(1-38) 
10.94 (7.91) 
(0-37) 
0.328 
3.38 (3.45) 
(0-11) 
2.47 (2.42) 
(0-11) 
0.217 
Convenience 
stores 
Mean (sd) 
Range 
31.79 (20.27) 
(1-71) 
27.27 (20.02) 
(0-75) 
0.068 
37.02 (18.43) 
(6-71) 
32.77 (18.68) 
(1-75) 
0.096 
7.69 (5.38) 
(1-17) 
6.00 (5.77) 
(0-32) 
0.313 
Limited-
service (“fast 
food”) 
restaurants 
Mean (sd) 
Range 
64.73 (43.44) 
(1-136) 
56.55 (43.78) 
(0-182) 
0.131 76.18 (39.19) 
(7-136) 
68.85 (40.58) 
(0-182) 
0.185 
11.85 (9.43) 
(1-27) 
8.92 (10.16) 
(0-41) 
0.320 
*significant difference (p<0.05)  
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APPENDIX 4.2: ADDITIONAL REGRESSION ANALYSES (GEE) RESULTS USING 1 
MILE RADIAL AND ROAD NETWORK BUFFERS & 5 MILE RADIAL BUFFERS 
 
Regression Analyses (GEE) Results: Unadjusted (Null) Model  
 Table 4.2.1 presents the unadjusted (null model) GEE results for associations between 
spatial access to food outlets and eating habits scores, among the total sample. Statistically 
significant associations emerged between eating habits scores and small grocery stores and 
limited-service restaurants. Specifically, as hypothesized for the small grocery store results, each 
additional small grocery store within 1 radial mile from work was associated with a significantly 
better eating habits score (β=0.172, p=0.049). Contrary to my hypothesis for the limited-service 
restaurants results, each additional limited-service restaurant within 1 road network mile from 
work was associated with a significantly better eating habits score (β=0.041, p=0.036); and 
similarly, each additional limited-service restaurant within 1 radial mile from home was 
associated with a significantly better eating habits score (β=0.049, p=0.047). No other 
associations were statistically significant. Notably, food outlet density along commutes was 
unrelated to eating habits score across all food outlet types. 
 
Adjusted GEE Results 
 Statistically significant correlations were found between eating habits scores and both age 
(0.128; p=0.001), education (0.092; p=0.020), and obesity status (-0.115; p=0.004), such that 
being older and having more education were correlated with better eating habits scores, while 
being obese was correlated with lower eating habits scores; thus, age, education, and obesity 
status were controlled for in the adjusted model. Table 4.2.2 shows the adjusted GEE results for 
the total sample. After adjusting for age, education, and obesity status, the positive association 
    
134 
 
found between eating habits scores and small grocery stores at 1 radial mile from work in the 
unadjusted model was no longer statistically significant. The association between eating habits 
scores and small grocery store density at 1 radial mile from home approached statistical 
significance (β=0.242, p=0.053). The significant associations between limited-service restaurants 
and eating habits scores observed in the unadjusted model (Table 4.2.1), whereby higher limited-
service restaurant densities at 1 road network mile from work and 1 radial mile from home were 
associated with better eating habits, were strengthened slightly, and remained statistically 
significant. Moreover, each additional limited-service restaurant within 1 radial mile from work 
was associated with a significantly better eating habits score (β=0.045, p=0.006). Spatial access 
to food outlets along commutes was unrelated to eating habits scores in the adjusted model 
(Table 4.2.2). 
 
GEE Results for the Urban Subsample 
 Given the differences observed in urban and rural settings (descriptive analyses results in 
Tables 4.1.2, 4.1.3, 4.1.4), GEE models were stratified by urban vs. rural subsamples in Tables 
4.2.3 and 4.2.4, respectively. Table 4.2.3 shows the results for the subsample of urban workers 
and urban residents, adjusted for age, education, and obesity status. Several associations were 
statistically significant and positive between eating habits scores and small grocery stores. Each 
additional small grocery store within: 1 radial mile from home (β=0.260, p=0.035), and 1 road 
network mile from home (β=0.373, p=0.035) was significantly associated with a better eating 
habits score. Moreover, each additional limited-service restaurant within: 1 radial mile from 
work (β=0.044, p=0.010), 1 road network mile from work (β=0.055, p=0.002), 1 radial mile from 
    
135 
 
home (β=0.055, p=0.025), and 1 road network mile from home (β=0.075, p=0.042), was 
significantly associated with a better eating habits score. 
 
GEE Results for the Rural Subsample 
 Table 4.2.4 shows the results for the subsample of rural workers and rural residents, 
adjusted for age, education, and obesity status. Significant associations were found among spatial 
access around work for all food outlet types. Specifically, each additional: 1) supermarket at 5 
radial miles from work (β=0.293, p=0.003); 2) small grocery store at 5 radial miles from work 
(β=0.147, p=0.000); 3) convenience store at 5 radial miles from work (β=0.172, p=0.002); and 4) 
limited-service restaurant at 1 radial mile from work (β=0.198, p=0.024) and 5 radial miles from 
work (β=0.110, p=0.000) was associated with a better eating habits score. No associations were 
found between eating habits and food outlet density around homes.  
 
Summary of Statistically Significant Associations   
 Table 4.2.5 provides a summary of the statistically significant associations observed 
(Tables 4.2.1-4.2.2). All results revealed significant positive associations between spatial access 
to food outlets and eating habits scores, whereby higher food outlet density was associated with 
better eating habits. Statistically significant associations were observed for all food outlet types; 
1 mile and 5 miles spatial scale (more associations observed at 1 mile), home and work settings 
(more associations around work settings, and none for commutes), radial and road network 
buffers (more associations using radial buffers), and by urban and rural designation. 
Furthermore, associations between eating habits scores and supermarket/large grocery store 
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density and convenience store density were observed only among rural workers and at 5 radial 
miles from work. 
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Table 4.2.1: Associations between Spatial Access to Food Outlets and Eating Habits Score (Total Sample; Unadjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=638)     
1 mi from work (radial) 0.000 (0.118) 
p=0.998 
0.172 (0.087) 
p=0.049* 
0.046 (0.054) 
p=0.392 
0.029 (0.018) 
p=0.093 
1 mi from work (road 
network) 
0.190 (0.205) 
p=0.356 
0.213 (0.115) 
p=0.065 
0.059 (0.060) 
p=0.321 
0.041 (0.019) 
p=0.036* 
5 mi from work (radial) 0.009 (0.018) 
p=0.621 
0.010 (0.017) 
p=0.550 
0.002 (0.006) 
p=0.802 
0.001 (0.003) 
p=0.800 
Around Home (n=638)     
1 mi from home (radial) -0.072 (0.127) 
p=0.571 
0.223 (0.127) 
p=0.078 
-0.001 (0.073) 
p=0.988 
0.049 (0.025) 
p=0.047* 
1 mi from home (road 
network) 
-0.084 (0.201) 
p=0.677 
0.299 (0.180) 
p=0.097 
0.060 (0.101) 
p=0.554 
0.057 (0.038) 
p=0.140 
5 mi from home (radial) 0.003 (0.018) 
p=0.873 
0.025 (0.017) 
p=0.141 
0.000 (0.007) 
p=0.994 
0.000 (0.003) 
p=0.932 
Along Commute (n=636)     
200 m from commute path -0.054 (0.107) 
p=0.610 
-0.107 (0.118) 
p=0.364 
0.025 (0.047) 
p=0.589 
0.006 (0.019) 
p=0.762 
*significant association (p<0.05) 
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Table 4.2.2: Association between Spatial Access to Food Outlets and Eating Habits Score (Total Sample; Adjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=638)     
1 mi from work (radial) 0.024 (0.113) 
p=0.832 
0.193 (0.089) 
p=0.030* 
0.069 (0.056) 
p=0.222 
0.045 (0.016) 
p=0.006* 
1 mi from work (road 
network) 
0.194 (0.198) 
p=0.327 
0.207 (0.118) 
p=0.080 
0.087 (0.063) 
p=0.168 
0.058 (0.018) 
p=0.002* 
5 mi from work (radial) 0.005 (0.018) 
p=0.780 
0.005 (0.018) 
p=0.769 
-0.001 (0.006) 
p=0.835 
-0.001 (0.003) 
p=0.853 
Around Home (n=638)     
1 mi from home (radial) -0.036 (0.132) 
p=0.788 
0.242 (0.125) 
p=0.053 
0.008 (0.073) 
p=0.912 
0.050 (0.025) 
p=0.047* 
1 mi from home (road 
network) 
-0.022 (0.208) 
p=0.915 
0.330 (0.175) 
p=0.059 
0.087 (0.102) 
p=0.397 
0.066 (0.040) 
p=0.099 
5 mi from home (radial) 0.005 (0.018) 
p=0.772 
0.024 (0.017) 
p=0.170 
-0.000 (0.007) 
p=0.969 
0.000 (0.003) 
p=0.906 
Along Commute (n=636)     
200 m from commute path -0.057 (0.104) 
p=0.585 
 
-0.084 (0.114) 
p=0.463 
0.027 (0.049) 
p=0.586 
0.006 (0.019) 
p=0.734 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status
    
 
 
1
3
9
 
Table 4.2.3: Associations between Spatial Access to Food Outlets and Eating Habits Score (Urban Subsample; Adjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=555) 
(Urban Census Tract) 
    
1 mi from work (radial) -0.004 (0.113) 
p=0.973 
0.204 (0.091) 
p=0.026 
0.076 (0.060) 
p=0.208 
0.044 (0.017) 
p=0.010* 
1 mi from work (road 
network) 
0.180 (0.208) 
p=0.389 
0.198 (0.121) 
p=0.101 
0.100 (0.066) 
p=0.128 
0.055 (0.018) 
p=0.002* 
5 mi from work (radial) 0.002 (0.024) 
p=0.948 
0.001 (0.021) 
p=0.960 
-0.003 (0.007) 
p=0.679 
-0.002 (0.004) 
p=0.702 
Around Home (n=507) 
(Urban Census Tract) 
    
1 mi from home (radial) -0.051 (0.140) 
p=0.714 
0.260 (0.124) 
p=0.035* 
0.015 (0.078) 
p=0.848 
0.055 (0.024) 
p=0.025* 
1 mi from home (road 
network) 
0.009 (0.215) 
p=0.966 
0.373 (0.177) 
p=0.035* 
0.170 (0.108) 
p=0.115 
0.075 (0.037) 
p=0.042* 
5 mi from home (radial) 0.008 (0.021) 
p=0.699 
0.028 (0.018) 
p=0.124 
0.001 (0.008) 
p=0.902 
0.001 (0.004) 
p=0.794 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status 
    
 
 
1
4
0
 
Table 4.2.4: Associations between Spatial Access to Food Outlets and Eating Habits Score (Rural Subsample; Adjusted) 
 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
β (SE) 
p-value 
Around Work (n=83) 
(Rural Census Tract) 
    
1 mi from work (radial) 0.710 (0.445) 
p=0.110 
-0.132 (0.614) 
p=0.830 
0.026 (0.310) 
p=0.934 
0.198 (0.088) 
p=0.024* 
1 mi from work (road 
network) 
0.235 (0.481) 
p=0.626 
0.242 (0.664) 
p=0.716 
-0.044 (0.293) 
p=0.881 
0.209 (0.132) 
p=0.115 
5 mi from work (radial) 0.293 (0.098) 
p=0.003* 
0.147 (0.040) 
p=0.000* 
0.172 (0.056) 
p=0.002* 
0.110 (0.029) 
P=0.000* 
Around Home (n=131) 
(Rural Census Tract) 
    
1 mi from home (radial) 0.079 (0.523) 
p=0.880 
0.207 (0.580) 
p=0.721 
-0.032 (0.256) 
p=0.900 
0.055 (0.231) 
p=0.810 
1 mi from home (road 
network) 
-0.164 (0.702) 
p=0.815 
0.001 (0.691) 
p=0.999 
-0.229 (0.215) 
p=0.287 
-0.034 (0.292) 
p=0.906 
5 mi from home (radial) 0.064 (0.096) 
p=0.507 
0.156 (0.119) 
p=0.192 
-0.000 (0.047) 
p=0.999 
0.017 (0.026) 
p=0.512 
*significant association (p<0.05)  
Adjusted for: age, education, obesity status 
 
    
 
 
1
4
1
 
Table 4.2.5: Summary of Statistically Significant Associations Observed between Spatial Access to Food Outlets and Eating 
Habits Scores 
Spatial Access Measure 
Supermarkets/ Large 
Grocery Stores 
Small Grocery Stores Convenience Stores 
Limited-Service 
Restaurants 
Around Work     
1 mi from work (radial)  + (total, Table 4.2.1) 
+ (total, Table 4.2.2) 
 + (total; Table 4.2.2) 
+ (urban, Table 4.2.3) 
+ (rural; Table 4.2.4) 
1 mi from work (road 
network) 
   + (total, Table 4.2.1) 
+ (total, Table 4.2.2) 
+ (urban, Table 4.2.3) 
5 mi from work (radial) + (rural; Table 4.2.4) + (rural; Table 4.2.4) + (rural; Table 4.2.4) + (rural; Table 4.2.4) 
Around Home     
1 mi from home (radial)  + (urban, Table 4.2.3)  + (total, Table 4.2.1) 
+ (total, Table 4.2.2) 
+ (urban, Table 4.2.3) 
1 mi from home (road 
network) 
 + (urban, Table 4.2.3)  + (urban, Table 4.2.3) 
5 mi from home (radial)     
Along Commute      
200 m from commute path     
     
Hypotheses Supported 
(Yes/No) 
H1a for Work Setting: 
Yes 
H1a for Work and 
Home Setting: Yes 
H1b: No H1c: No 
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